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UPRIGHT FIRE PROTECTION NOZZLE 

This application is a continuation-in-part of U.S. appli- 
cation Ser. No. 09/603,686, filed Jun. 26, 2000, and now 
U.S. Pat. No, 6,454,017, the entire disclosure of which is 
incorporated herein by reference. 

TECHNICAL FIELD 

The invention relates to water spray sprinklers and 
nozzles for fire protection service, and, in particular, to those 
nozzles in which a single stream of water is discharged and 
impacts or impinges against a downstream element as a 
means of deflecting, spreading or difl^sing the discharge 
stream into a spray pattern consisting of individual droplets. 

BACKGROUND 

Water sprays consisting of relatively small or fine water 
droplets, commonly referred to as "water mist", have been 
shown to be among the most eflBcient fire extinguishing 
media currently available. Small water droplets suspended 
in the atmosphere can be forcibly injected or entrained 
through the convective currents, into the combustion region 
of a fire, where they quickly evaporate. The evaporation of 
these droplets has an impact upon the combustion process by 
absorbing some quantity of the energy output of the fire, and 
by displacing gaseous oxidizing agents. At some critical 
point, when the fire is no longer capable of self -sustained 
combustion, it is extinguished. It has been shown that 
droplets of less than 50 microns in size are extremely 
efficient fire extinguishing agents. As droplet size increases, 
the efficiency of the fire extingxiishing media, typicaUy 
water, decreases, although it has been demonstrated that 
water mist with the majority of the droplets between 20 and 
250 microns in size can be highly effective and efficient fire 
extinguishing agents, particularly when dehvered in a com- 
ponentized spray pattern. Fischer U.S. PaL No. 5,839,667 
teaches that it can be desirable to selectively provide areas 
of higher water discharge per unit area, greater droplet size, 
and/or greater droplet momentum. 1 1 has also been shown 
that different expected fire scenarios may require different 
spray pattern characteristics, if the effectiveness of fixed fire 
fighting system is to be maximized. 

The main types of water mist nozzles for fire protection 
include diffuser impingement nozzles, pressure jet nozzles, 
and gas atomizing nozzles. Diffuser impingement nozzles 
operate by impacting a coherent water stream against a 
diffuser. The diffuser breaks the stream into a predetermined 
distribution of mist. Diffuser impingement-type water mist 
nozzles are described in Fischer U.S. Pat. No. 5^92,993 and 
in Fischer U.S. Pat. No. 5,505^83. Pressure jet nozzles 
function by discharging high velocity water streams through 
small orifices with an internal shape, e.g., a scroll- type 
arrangement is typical, designed to break up the water 
stream. A pressure jet type water mist nozzle is described in 
Sundholm U.S. Pal. No. 5,513,708. Gas-atomizing water 
mist nozzles operate by mixing compressed gas with water 
in a mixing chamber at the nozzle discharge orifice. A gas 
atomizing water mist nozzle is described in Loepsinger U.S. 
Pat No. 2;361,144. 

The spray pattern characteristics produced by existing 
diffuser elements utilized in impingement-type water mist 
nozzles fall into two distinct categories. The first category is 
a relatively uniformly filled, umbrella -shaped spray pattern 
extending from the discharge nozzle. The second category is 
a largely hollow cone, with the spray pattern forming a 
uniform or non-uniform shell of spray. Fischer U.S. Pat. No. 



,119 B2 

2 

5,829,684 describes a nozzle producing a combination of 
±ese two fundamental types, with a uniform, umbrella- 
shaped shell superimposed over a relatively uniformly filled 
inner cone. 

SUMMARY 

According to one aspect of the invention, an upright-type 
fire protection spray mist nozzle comprises a base defining 
an orifice, with an orifice axis, through which fire-retardant 
10 fluid can flow, an inlet section having an upstream end and 
defining a conduit for flow of fire-retardant fluid along the 
orifice axis and leading to an upstream end of the orifice, and 
a diffuser element positioned coaxially downstream of the 
orifice, the diffuser element defining an impingement sur- 
15 face that is at least substantially imperforate in the axial 
direction and positioned for impingement by a stream of 
fire-retardant fluid flowing from the orifice in a stream 
direction along the orifice axis. The impingement surface 
comprises a central conical shape surface region extending 
20 generally toward the orifice, with an apex portion disposed 
along the orifice axis, a peripheral edge disposed generally 
radiaUy outward from the conical shape surface region and 
defining a face plane, and a concave, substantially toroidal 
surface region generally between the conical shape surface 
25 region and the peripheral edge. 

Preferred embodiments of this aspect of the invention 
may include one or more of the following additional fea- 
tures. The apex and the peripheral edge are disposed in a 
plane generally perpendicular to the orifice axis. Preferably, 
30 at least a portion of the toroidal stirface region is recessed 
downstream from the plane of the apex and the peripheral 
edge, relative to the orifice. More preferably, the toroidal 
surface region is recessed downstream from the plane of the 
apex and the peripheral edge, relative to the orifice. The 
35 sU-eam of fire retardant fluid flowing from the orifice to 
impinge upon the impingement surface is substantially 
steady and coherent. The concave, substantially toroidal 
surface region has a shape formed by rotation of an arcuate 
stirface comprised of at least three relatively smoothly 
40 blended arcs, and preferably at least five relatively smoothly 
blended arcs, about a line defined by the orifice axis passing 
through the apex. The impingement surface defines at least 
one surface discontinuity in a region of the peripheral edge 
for redirecting a portion of the flow of fire retardant fluid 
45 along the impingement surface. Preferably, the impingement 
surface defines a set of surface discontinuities spaced cir- 
cumferentially about the orifice axis in the region of the 
peripheral edge for redirecting a portion of the flow of fire 
retardant fluid along the impingement surface. The set of 
50 surface discontinuities generally has the form of a set of 
notches in the impingement surface. Preferably, the set of 
notches defines a set of surface regions extending along and 
outwards from a plane generally tangent to a base region of 
the concave surface and lying generaOy perpendicular to the 
55 orifice axis, towards the region of the peripheral edge. The 
set of surface discontinuities comprises a set of at least about 
eight notches, preferably a set of at least about 16 notches, 
more preferably a set of at least about 32 notches, and still 
more preferably a set of at least about 48 notches, in the 
60 impingement surface. The stream of fire retardant fluid 
flowing from the orifice and intersecting the impingement 
surface has a stream diameter measured as the stream is 
about to pass through the face plane, and a ratio of the 
diameter of a region of the concave surface lying generally 
65 tangent to a plane that is generally perpendicular to the 
orifice axis and the stream diameter is greater than or equal 
to about 2, preferably greater than or equal to about 3, and 
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more preferably greater than or equal to about 4. The to flow from the orifice axis radially outward, along the 

peripheral edge has an inner edge diameter measured in the impingement surface, towards the region of the peripheral 

face plane and the stream has a stream diameter measured as edge of the impingement surface, the impingement surface 

the stream is about to pass through the face plane, and a ratio being adapted to redirect the flow of fire-retardant fluid from 

of the inner edge diameter to the stream diameter is at least 5 the stream by at least 90"* from the stream direction while 

about 3, preferably at least about 5.5, more preferably at maintaining the flow of fire-retardant fluid towards the 

least about 8, and still more preferably of the order of about region of the peripheral edge substantially in contaa with 

20. Preferably, the set of surface discontinuities divides the the impingement surface in a manner to substantially avoid 

flow into multiple segments at the region of the peripheral splashing. 

edge with little loss of energy. The upright-type fire protec- jq According to still another aspect of the invention, an 
tion spray mist nozzle may be in the form of an open nozzle upright-type fire protection spray mist nozzle comprises a 
for use in deluge-type fire protection systems, or may be in base defining an orifice, with an orifice axis, through which 
the form of an automatically-operating nozzle comprising, fire-retardant fluid can flow, an inlet section having an 
in a standby condition, a releasable orifice seal secured in upstream end and defining a conduit for flow of fire- 
position by a thermally-responsive element, or may be in the .5 retardant fluid along the orifice axis and leading to an 
form of a device remotely acmatable, e.g., in response to a upstream end of the orifice, and a diffuser element posi- 
fire condition determined by a separate fire detector coaxiaUy downstream of the orifice. The diffuser 
According to another aspect of the invention, an upright- ^I^J^^nt defines an impingement surface that is ai least 
type fire protection spray mist nozzle comprises a base '^'^^'^I'^^y "^Perforate m the axial direction and posi- 

defining an orifice, ^^th'an orifice axis, tLugh which ^ 2°^^ frnTISf o^^^^^^ ' ^f.^^^"^^^^^,^^ ^^^^^ 

fi™ «*rr^.„t ft.rA fl • 1 . *• 5 . " 20 flowing from the onfice m a sU-eam du-ecUon along the 

fire-retardant fluid can flow, an inlet secUon havmg an orifice axis, the impingement surface comprising a central 

upstream end and defimng a conduit for flow of fire- conical shape surface region extending generally toward the 

retardant fluid along the onfice axis and leading to an orifice, with an apex portion disposed along the orifice axis, 

upstream end of the orifice, and a diffuser element posi- a peripheral edge disposed generally radiaUy outward from 

Uoned coaxially downstream of the orifice, the diffuser 25 the conical shape suri:acc region, and a concave, substan- 

element defining an impingement surface that is at least tially toroidal or arcuate shaped surface region generaUy 

substantially imperforate in the axial direction and posi- between the conical shape surface region and the peripheral 

tioned for impingement by a stream of fire-retardant fluid edge, the impingement surface having a shape formed by 

flowing from the orifice in a stream direction along the rotation of an arcuate surface comprised of at least three 

orifice axis. The impingement surface is shaped to divert 30 relatively smoothly blended arcs, rotated about a line 

fire-retardant fluid in the stream to flow from the orifice axis defined by the orifice axis passing through the apex, to divert 

radially outward, along the impingement surface, towards the fire-retardant fluid in the stream to flow from the orifice 

the region of a peripheral edge of the impingement surface, axis radiaUy outward, along the impingement surface, 

the impingement surface adapted to substantiaUy redirect the towards the region of the peripheral edge of the impinge- 

flow of fire-retardant fluid from the stream by at least 90° 35 ment surface, the impingement surface being adapted to 

from the stream direction while maintaining the flow of redirect the flow of fire-retardant fluid from the stream by at 

fire-retardant fluid towards the region of the peripheral edge least 90° firom the stream direction while maintaining the 

substantially in contact with the impingement surface in a flow of fire-retardant fluid towards the region of the periph- 

manner to substantially avoid splashing. eral edge substantially in contact with the impingement 

Preferred embodiments of this aspect of the invention 40 surface in a manner to substantially avoid splashing, 

may include the following additional feature. The impinge- According to another aspect of the invention, an upright- 

ment surface is adapted to redirect the flow of fire-retardant type fire protection spray mist nozzle comprises a base 

fluid by at least 110° from the stream direction while defining an orifice, with an orifice axis, through which 

maintaining the flow of fire-retardant fluid towards the fire-retardant fluid can flow, an inlet section having an 

region of the peripheral edge substantially in contact with 45 upstream end and defining a conduit for flow of fire- 

the impingement surface in a manner to substantially avoid retardant fluid along the orifice axis and leading to an 

splashing. upstream end of the orifice, and a diffuser element defining 

According to still another aspect of the invention, an an impingement surface that is at least substantially imper- 

upright-type fire protection spray mist nozzle comprises a forate in an axial direction and positioned for impingement 

base defining an orifice, with an orifice axis, through which so a stream of fire-retardant fluid flowing from the orifice in 

fire-retardant fluid can flow, an inlet section having an ^ stream direction along the orifice axis, the diffuser element 

upstream end and defining a conduit for flow of fire- being positioned generally above a horizontal plane through 

retardant fluid along the orifice axis and leading to an ^ downstream end of the orifice. 

upstream end of the orifice, and a diffuser element posi- According to another aspect of the invention, an upright- 

tioned coaxiaUy downstream of the orifice. The diffuser 55 type fire protection spray mist nozzle discharges a spray of 

element defines an impingement suif ace that is at least fire-retardant fluid over an area to be protected from fire, the 

substantially imperforate in the axial direction and posi- spray being characterized by a Dvpo droplet size diameter of 

tioned for impingement by a stream of fire-retardant fluid less than about 250 microns, preferably less than about 200 

flowing from the orifice in a stream direction along the microns, and more preferably less than about 150 microns, 

orifice axis, the impingement surface comprising a central 60 when measured at a pressure of a 175 psi at the inlet to the 

conical shape surface region extending generally toward the nozzle, in accordance with the procedure recommended in 

orifice, with an apex portion disposed along the orifice axis, the 2000 editipn of the NFPA 750 SUndard on Water Mist 

a peripheral edge disposed generally radiaUy outward from Fire Protection Systems, the entire disclosure of which is 

the conical shape surface region, and a concave, toroidal incorporated herein by reference (also sec Section 1-4.5 for 

surface region generaUy between the conical shape surface 65 the definition of "Dvqq droplet size diameter"), 

region and the peripheral edge, the impingement surface According to stiU another aspect of the invention, an 

being shaped to divert the fire-retardant fluid in the stream upright-type fire protection spray mist nozzle comprises a 
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base defining an orifice, with an orifice axis, through which DESCRIPTION OF DRAWINGS 

fire-retardant fluid can flow; and an inlet section having an ™^ . . c.i. ,- r -.^ 

upstream end and defining a conduit for flow of fire- ^ ^ ' elevational view of an upnght fire 

retardant fluid along the orifice axis and leading to an protection spray mist nozzle of the invention, while FIG. lA 

upstream end of the orifice. A diffuser element defines an 5 ^ ^ cross-sectional view of an arm, taken at the line lA— lA 

impingement surface that is at least substantially imperforate of HG. 1; and 

in the axial direction and positioned for impingement by a FIG. 2 is side elevational view, taken in section at the line 

stream of fire-retardant fluid flowing from the orifice in a 2 — 2 of FIG. 1, of the upright fire spray mist nozzle of FIG. 

stream direction along the orifice axis, the diffuser element 1. 

being positioned generally above a horizontal plane through hG. 3 is an enlarged firont elevational view of the diffuser 

a downstream end of orifice, and the orifice has an orifice element of the upright fire protection spray mist nozzle of 

diameter preferably less than about 0.200 mch, and more p|Q i 

preferably less than about 0.150 inch, and still more pref- mi- yi* 1 ju , 1 • 

erably less than about 0 110 inch HG. 4 is an enlarged bottom elevational view, taken at the 

Hie invention provides, in its broadest aspect, an upright- ^ f^^; ^' f^^ ^^^^^'^^ 

type fire protection spray mist nozzle, and further provides spray mist nozzle of FIG. 1; 

a diffuser for an impingement-type nozzle having a solid FIG. 5 is an enlarged side sectional view, taken at the line 

(i.e., at least substantially imperforate in an axial direction), 5 — ^5 of FIG. 4, of the diffuser element of FIGS. 3 and 4; and 

three-dimensional surface shaped to receive and redirect a FIG. 6 is a much enlarged side elevational view of a blank 

coherent fluid stream impinged thereupon with substantially for forming the diffuser element of FIGS. 3, 4 and 5, prior 

no splashing, even when the primary axis of the fluid stream 20 to formation of the set of surface discontinuities or notches 

^"""if^ completely opposed by the impinge- ^q^^ 7 and 8 are somewhat diagrammatic, enlarged front 

ment surface. Furthermore, surface di^ntmuiUes defined side views, respectively, bo± taken in section, of the 

by the impmgement surface discre ely divide the impmgine - u* ^ - . \ r .t. - • ^"^ 

flliid streim into multiple segments With Httle energy L ^P"^*^' ^^-^'^^ 

even at low velocities, and selected segments can be essen- 25 - ^ ^ ^ somewhat diagrammatic front elevational 

tially reversed in direction with respect to the initial stream ^ section, of the diffuser element, all 

flow direction firom the nozzle outlet. Additionally, the showing fluid flowing from the orifice onto the diffuser 

resulting spray pattern discharge consists of water droplets element surface, where it is redirected by more than 90** 

that appear to be substantially smaller than those typically substantially without splash, by remaining generally in 

associated with impingement-type diffiisers, even those with 33 contact with the diffuser surface until reaching the region of 

smaller orifices. For example, with a fluid (water) pressure peripheral edge. 

of about 175 psi at the inlet section of the mist nozzle of this FIG. 10 is a front elevational view of another embodiment 

invention having an orifice diameter of about 0,106 inch, the of an upright fire protection spray mist nozzle of the 

nozzle discharges a spray with a Dv^^ droplet size diameter invention, for use in an automatic fire protection system; and 

of less than about 200 microns, as compared to a Dv^q 35 FIG. U is an enlarged perspective view of another 

droplet size diameter of the order of 300 microns for the embodiment of a diffuser element for an upright-type fire 

Grmnell Type AM4 AquaMist® pendent-type nozzle having protection spray mist nozzle of the invention, 

a nominal orifice diameter of 0^91 inch as described in uke reference symbols in the various drawings indicate 

Grmnell Techmcal Data Sheet TD1173, when measured in elements, 

accordance with the procedure recommended in the 2000 ^ 

Edition of the NFPA 750 Standard on Water Mist Fire DETAILED DESCRIPTION 

Protection Systems. Referring to FIGS. 1, lA and 2, an upright-type fire spray 

The required spray pattern characteristics of mist nozzles, mist nozzle 10 of the invention has a base 12 defining 
including droplet size and droplet count density, for use in external threads 14 for threaded, sealed connection to a fire 
fixed spray fire fighting systems are determined by the 45 retardant fluid supply system (not shown). The base 12 
expected fire scenario. Of particular interest is redirection of defines a through passageway 16 extending generally along 
a majority of the discharged water downstream of the axis, A, for flow of fire retardant fluid from the inlet 18 (in 
impingement surface of the diffuser in a direction nominally communication with the fluid supply system) to the outlet 
opposite to the direction of bulk flow of the water stream, 20, exterior of the base. In a region downstream of the ouUet, 
upstream of the impingement surface of the diffuser, while 50 arms 22, 24 extend from the base 12 to an apex 26* 
maintaining relatively small droplet size within the nozzle positioned downstream of, and coaxial with, an orifice 28 
spray pattern. The attribute of maintaining small droplet size defined by an orifice insert 30 and continuous with passage- 
while reversing the bulk average direction of the fluid flow way 16 of the base 12, e.g. in much the same way as in 
allows spray pattern characteristics not previously achieved traditional nozzles typically used for fire protection system 
using existing technology. 55 service. 

The present invention provides a nozzle that can be A strainer 32 positioned across the inlet 18 to passageway 

employed to distribute a water mist discharge pattern that is 16 protects orifice 28 in orifice insert 30 from clogging, e.g., 

discretely adjustable, allowing predetermined positioning of due to debris in the fluid supply system. Under standby 

a multitude of areas of high and low water discharge density conditions, an elastomeric plug (not shown) may be 

as deemed preferable for an expected fire scenario. The 60 employed to seal the outlet 20 from airborne debris, insects 

result is an improvement in performance over existing and the like that might lend to clog the orifice, with a flexible 

impingement-type water mist diffusers. lead (not shown), e.g. of metal or plastic, attaching the plug 

The details of one or more embodiments of the invention to the base 12 of the nozzle so that the plug will not be blown 

are set forth in the accompanying drawings and the descrip- away from the nozzle upon discharge of fluid from the 

tion below. Other features, objects, and advantages of the 65 nozzle outlet. • 

invention will be apparent from the description and Referring now also to FIGS. 3, 4 and 5, in the fire 

drawings, and from the claims. protection nozzle 10 of the invention, a diffuser 40 defining 
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a solid (i.e., at least subslaDtially imperforate in the axial generally parallel to the face plane, Hp, and lateral surfaces 
direction) impingement surface 42 opposed to flow of fire that, in a preferred embodiment, are formed, e.g., with an 
retardant fluid from the orifice 28 is mounted to the apex 26, end mill moved radially outward. The peripheral edge 50 of 
e.g., in threaded engagement therewith, to allow adjustment the diffiiser 40 has an inner edge diameter, D^, measured in 
of the spacing of the impingement surface 42 from the 5 the face plane, H^, which defines the peripheral edge. In one 
orifice 28 and to allow rotational positioning of discontinui- preferred embodiment, the inner edge diameter, D^, is about 

ties (notches) 56 defined in the region of the peripheral edge 0.959 inch. 

Referring to FIGS. 7 and 8, and, in particular, FIG. 9, the 
Referring also to FIG. 6, the impingement surface 42 of bulk (stream) direction of the water flow (arrow, F) striking 
the diffiiser 40 for redirecting the water flow from the orifice 10 upon the conical shape region 46 of the impingement surface 
28 of the nozzle outlet 20 (FIGS. 1 and 2) is preferably 42 at the apex 48 initially remains predominandy in the same 
defined by a solid, hemispherical shaped body 44, formed, direction as the water stream, W, Thereafter, as the water 
e.g., by machining, sintering, investment casting or other flows over the surface of the conical shape region 46 and 
suitable process, of brass, or other suiuble material. The then relatively outward from the orifice axis. A, over the 
impingement surface includes a protruding, generally coni- 15 impingement surface 42, the depth or local thickness of the 
cal shape surface region 46 with an apex 48 centered water is decreased. The bulk flow direction of water flowing 
generally on axis. A, and extending relatively toward the radially outward (relative to the orifice axis, A) over the 
orifice 28. Surrounding the conical shape region 46, inward conical shape region 46 of the impingement surface 42 is 
from the peripheral edge 50 of the impingement surface 42, gradually turned (arrow, L) and then reversed (arrow, M) 
is a substantially toroidal or arcuate shape, concave surface 20 relative to the direction of the impacting water stream 
region 52, which is recessed, relative to the orifice 28, from (anow, F) as the fluid passes from the initial point of 
the a plane, Hp, of the apex 48 and peripheral edge 50. In a impingement, I, upon the apex 48 of the conical shape region 
preferred embodiment, the shape of the concave region 52 is 46 of the impingement surface 42 and traverses over the 
defined by rotating an arcuate surface, E, comprised of three concave inner surface region 52, towards the region of the 
or more arcs of relatively smoothly blended radii, around 25 peripheral edge 50. The resulting thinning layer of water is 
axis. A, of the hemispherical shaped body 44. By way of then broken into discrete segments N^, (interconnected, 
example, in one preferred embodiment, for a diffuser 40 of at least initially, by water sheet, O, therebetween) to provide 
the invention having a diameter, D^, of 1.00 inch, the a predetermined droplet distribution pattern by the place- 
arcuate surface, E, may be formed by five relatively ment of a set of protruding obstructions or discontinuities, 
smoothly blended arcs, Ej, £3, E3, E^, E5, e.g., having radii 30 such as a set of notches 56, or a set of ridges, passageways, 
of Rj, R2, R3, R4, R5, of about 0.169 inch, 0.120 inch, 0.655 or the like, upon the impingement surface 42. The condition 
inch, 0.120 inch, and 0.195 inch, respectively, where the of the discharge stream, W, impinging on the impingement 
center point of R^ is spaced about 0.117 inch fi"om axis. A, surface 42 of the diflhiser 40 is preferably a steady, well- 
and about 0.039 inch upstream from plane Hp, the center defined, pencil-Uke stream, free from excessive expansion, 
point of R^ is spaced about 0.153 inch from axis, A, and 35 turbulences, and distortions. The orifice geometry attributes 
about 0.072 inch upstream from plane Hp, the center point that produce such a discharge stream have previously been 
of R3 is spaced about 0.234 inch from axis, A, and about described in Fischer U.S. Pal.- No. 5^92,993 and in Fischer 
0.561 inch upstream from plane Hp, the center point of R4 U.S. Pat. No. 5,505383, the complete disclosures of which 
is spaced about 0.314 inch from axis. A, and about 0.104 are incorporated herein by reference. A steady, coherent 
inch upstream from plane Hp, and the center point of R5 is 40 discharge stream, W, produces a relatively more stable, 
spaced about 0.351 inch from axis. A, and about 0.038 inch uniform spray pattern from the impingement surface 42 of 
upstream from plane Hp. Preferably, the impingement sur- the diffuser 40, while a discharge stream that is unsuble or 
face 42 defines a set of discontinuities formed in the region distorted can typically result in a less sUble or skewed spray 
of the outer peripheral edge, with the number, size and shape pattern. It is noted also that the initial direction of fluid flow 
of the discontinuities deteraiining the precise spray dis- 45 (arrow, F) from the discharge orifice 28 of the nozzle of the 
charge pattern. For example, in the diffuser 40 shown in invention is oriented away from the object to be protected, 
FIGS. 3-5, the set of discontinuities has the form of a set of with the impingement surface 42 of the diffuser 40 of the 
notch surfaces 56, e.g., at least about eight notches, prefer- invention reversing the direction of flow so that the fire- 
ably at least about 16 notches, and more preferably at least fighting agent is discharged back towards the hazard area. In 
about 32 notches. In the presendy preferred embodiment, as so preferred embodiments of the invention, the impingement 
described and shown, the set of discontinuities has the fonn surface 42 of die diffuser 40 redirects the water flow from 
of a set of 48 notches, each having width, N^., at the the discharge orifice while minimizing the introduction of 
peripheral edge 50, e.g., about 0.030 inch, evenly spaced, turbulence prior to water stream breakup. This is preferable, 
e.g., at about 7.5*, about the periphery of the diffuser 40, as the introduction of turbulence tends to reduce the effi- 
separated by tines 70, each having width, T^^,, at the periph- 55 ciency of the water droplet generation, resulting in an 
eral edge 50, e.g., about 0.035 inch. It has been found that increase in mean droplet diameter and ultimately a decrease 
increasing the number of discontinuities or notches, e.g., in fire fighting efSciency and effectiveness. A diffuser that 
beyond the eight notches of the diffuser described in the does not cause the water to splash is inherently more 
parent to this application (U.S. application Ser. No. 09/603, efficient because the energy otherwise lost to splashing is 
686, filed Jun. 26, 2000), results in an advantageous 60 instead used either to obtain a reduction in droplet size or to 
decrease in the size of droplets dispersed from the diffuser maximize droplet momentum. Also, as the diameter of the 
by creating more surfaces for breakup of the flow. The notch impingement sueam is expanded and the resulting depth as 
surfaces 56 have smoothly-curved base regions 57 of radii, it flows radiaUy outward over the impingement surface is 
R^r, e.g., about 0.015 inch, extending along and outwards decreased, the water sheet becomes thinner, and it is appar- 
from a plane, Cp, tangent to the base surface 60 of the 65 ent that the thinner the water sheet achieved prior to break- 
concave surface region 52 and extending through the periph- up, the smaller the droplets (mist) that will be formed upon 
eral edge region 50 of the impingement surface 42 and break-up. 
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Referring again lo FIG. 9, the operation of the diffiiser 
element 40 of the invention, as it is presently understood, 
will now be described (for clarity, and to facilitate 
understanding, only the notches 56 of discontinuities in the 
sectional plane are represented in this drawing). The water 5 
stream, W, from the discharge orifice 28 impinges upon the 
impingement surface 42 of the diffuser 40 at the apex 48 of 
the generally conical shape surface 46 generally centered on 
axis, A, and extending relatively toward the orifice 28. The 
bulk direction of the water flow stream striking the impinge- lo 
ment surface 42 initially remains predominandy in the same 
direction as the water stream. However, as the water flows 
over the conical shape surface 46 (arrow, L), the increasing 
diameter of the conical surface towards its base reduces the 
depth or local thickness of the water flowing relatively is 
outward from the orifice axis, A, over the impingement 
surface 42. The bulk flow direction of water flowing over the 
impingement surface 42 is gradually turned radially outward 
(arrow, L), relative to the orifice axis. A, and then reversed 
(arrow, M), relative to the direction (arrow, F) of the 20 
impacting water stream as the fluid passes from the initial 
point of impingement (apex 48) upon the impingement 
surface 42 and traverses over the concave inner surface 
region 52, towards the region of the peripheral edge 50. The 
resulting layer of water, as it is thinned, stretches until the 25 
surface tension is overcome and droplets are formed, to be 
delivered in a predetermined droplet distribution pattern by 
the placement of discontinuities, such as notches 56 (as 
shown), slots, ridges, passageways, and other protruding 
obstructions or discontinuities upon the impingement sur- 30 
face 42. 

In preferred embodiments, the diameter, D^, at which the 
tangent plane, Cp, of the internal concave surface 52 is 
perpendicular to the bulk fluid flow direction (axis, A, and 
arrow, F) divided by the diameter of the water stream, D^, 
as the stream is about to pass through the face plane, Hp, is 
equal to or greater than at least about 2, preferably at least 
equal to or greater than about 3, and more preferably at least 
equal to or greater than about 4. A ratio value of less than 
about 2 can result in the water stream splashing off the ^ 
diffuser. For example, according to the approximate dimen- 
sions of one preferred embodiment: 

Dc-0.47 inch 

45 

D^^F-O.n inch 

Also, it has been found that a ratio of (i.e., inner edge 50 
diameter of the peripheral edge of the diffuser element 
measured in the face plane. Hp) to D^^, (i.e., stream diameter 
of the water stream measured as it is about to pass through 
the face plane. Hp) of at least about 3 is preferred. A ratio of 
at least about 5.5 is more preferred, with a ratio of at least 55 
about 8 being still more preferred. Basically, as the water 
stream is distributed radially outward from the apex of the 
diffuser surface, the expanding stream is maintained as a 
continuum (provided that the arcuate siirface is relatively 
smooth and there is no significant splashing of water). As a 60 
result, as the water stream moves radially outward, the 
thickness of the water layer decreases, with a corresponding 
decrease in the size of the droplets created by the interrup- 
tion of the flow by the set of discontinuides (notches) 
towards the region of the peripheral edge of the diffuser. For 65 
example, according to the approximate dimensions of one 
preferred embodiment: 
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D/0-96 inch 
D^.ll inch 

There are, however, practical limits to the degree to which 
can be increased, and, furthermore, as is increased, the 
water flow incurs increased friction loss resulting in lower 
water droplet velocity as the droplets leave the periphery of 
the diffuser. 

This fimdamental shape of the impingement surface 42 of 
the diffuser of the invention results in an upright-type, water 
spray mist nozzle 10 providing spray patterns found suitable 
for fire protection of Qass B combustibles, particularly 
liquid fiiels released under elevated pressure from an orifice, 
as the spray pattern characteristics of upright-type diffusers 
can be substantially different from those of pendent-type 
diffusers, and found to meet the fire test requirements of the 
International Maritime Organization (IMO) MSC/Circ. 913 
(Jun. 4, 1999). The spray pattern characteristics of upright- 
type diffusers of the invention can also be designed to be 
very similar to those of pendent-type diffusers; the funda- 
mental shape of the upright-type diffusers of the invention 
provide a relatively greater degree of flexibility in designing 
spray patterns, e.g., as compared to pendent-type nozzle 
diffusers. Additionally, upright positioning permitted by the 
nozzle of the invention advantageously allows a preferred 
method of installation, as the point of origin of the spray 
pattern can then be placed at the greatest possible distance 
(i.e., above) from the protected hazard. This can be of 
critical importance in situations where the available clear- 
ance between surface of the hazard and adjacent surfaces is 
relatively smafl. Furthermore, with an upright- type nozzle 
installation, the pipe to which the fire-fighting nozzle is fitted 
somewhat protects the nozzle from impact damage, e.g. 
during placement and removal of material from the region to 
be protected. 

A number of embodiments of the invention have been 
described. Nevertheless, it will be understood that various 
modifications may be made without departing from the spirit 
and scope of the invention. For example, referring to FIG. 
10, in another embodiment, an upright fire protection spray 
mist nozzle 100 of the invention may be used in an auto- 
matically operating fire protection system, with a thermal- 
responsive release element 102, e.g. a glass bulb or fusible 
link, engaged by a bulb seat 103 at the apex of an axially 
adjustable diffuser element 104 to secure an orifice seal 106 
in normal or standby condition. Alternatively, the thermal- 
responsive release element 102 may be replaced with a 
device that is remotely actuatable (released) in response to 
a fire condition determined by a separate fire detector. Also, 
the apex of the generally conical shape surface region and 
the peripheral edge pf the impingement surface of a diffuser 
element of the invention may be disposed in different planes, 
e.g. relatively closer to or more spaced from the orifice. The 
peripheral edge of the diffuser may also have the form of a 
toothed surface, with the tips of the respective teeth in the 
same or different planes. 

Also, in some embodiments of upright-type fire protection 
spray mist nozzles of the invention, it is contemplated that 
the ratio of (i.e., inner edge diameter of the peripheral 
edge of the diffuser element measured in the face plane. Hp) 
to (i.e., the stream diameter of the water stream as it is 
about to pass through the face plane, Hp) may be up to about 
20, or even higher. Finally, referring to FIG. 11, a diffuser 
element 140 of another embodiment of the invention, e.g., as 
described in the parent to this application (U.S. application 
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Ser. No. 09/603,686, filed Jun. 20, 2000) has a concave 8. The upri^t-type fire protection spray mist nozzle of 

region 152 defined by rotation of an arcuate surface, F, claim 1, wherein said impingement surface defines at least 

around axis, A', and a set of eight, evenly spaced notches one surface discontinuity in a region of said peripheral edge 

156. In this embodiment, the arcuate surface, E', has the redirecting a portion of said flow of fire retardant fluid 

shape, e.g., of a regular ellipse, with three arcs of relatively 5 along said impingement surface. 

smoothly blended radii ^ upnght-type fire protection spray mist nozzle of 

In addition, in some embodiments of upright-type fire 8. wherein said impingement surface defines a set of 

protection spray mist nozzles of the invenUonT the arcuate '^^.^ di«:ontmuities spaced circumferentially about said 

cT-f^^o fL Uiff..^^^ ^ said region of said peripheral edge for redireamg at 

surtace or the diffuser may be comprised of one or more i , ^: c -j a r c * P . a j i -j 

r*>iof™i„ c ..tuu. m^»aLa u • ^""^"*^^J^ least a portion of said flow of fire retardant fluid along said 

relatively smoothly blended arcs havmg a substantiaUy lO ^^ ' l^^^^ ^^^^ ^ 

mfinite radius (i.e a straight Une), arid where an arc having iq, Tlie upright-type fire protection spray mist nozzle of 

a substanually mfimte radius is coplanar with the tangent claim 9, wherein said set of surface discontinuities has the 

plane, C^, of the internal concave surface 52, the diameter, form of a set of notches in said impingement surface. 

Dc, is measured between the centers of the arcs having a U. The upright-type fire protection spray mist nozzle of 

substantially infinite radius in the tangent plane, C^, through 15 claim 10, wherein said set of notches in said impingement 

the axis, A. surface defines a set of surface regions extending along and 

Accordingly, other embodiments are within the scope of outwards from a plane generally tangent to a base region of 

the following claims. said concave surface and lying generally perpendicular to 

What is claimed is: said axis, towards said region of said peripheral edge. 

1. An upright-type fire protection spray mist nozzle, ^ upright-type fire protection spray mist nozzle of 
comprising: claim 11, wherein said set of surface discontinuities com- 

a base defining an orifice, with an orifice axis, through ^^f/^" ^'"^^ ^ "^'^^'^ ^ impingement 

which fire-retardant fluid can flow; i <i -ru • u* * . • , ^ 

. , . ^ . ' ^ 13. The upnght-type fire protecuon spray mist nozzle of 

an mlel section havmg an upstream end and defining a 25 claim 12, wherein said set of surface discontinuities com- 

conduit for flow of fire-retardant fluid along said orifice pnses a set of at least about 16 notches in said impingement 

axis and leadmg to an upstream end of said orifice; and surface 

a diffuser element positioned coaxially downstream of 14. The upright-type fire protection spray mist nozzle of 
said orifice, said diffuser element defining an impinge- claim 13, wherein said set of surface discontinuities com- 
ment surface that is at least substantially imperforate in 30 prises a set of at least about 32 notches in said impingement 
an axial direction positioned for impingement by a surface. 

stream of fire-retardant fluid flowing from said orifice 15, The upright-type fire protection spray mist nozzle of 

in a stream direction along said axis, said impingement claim 14, wherein said set of surface discontinuities com- 

surface comprising: prises a set of at least about 48 notches in said impingement 

a central conical shape surface region extending gen- 35 surface, 

erally toward said orifice, with an apex portion 16. The upright-type fire protection spray mist nozzle of 

disposed along said axis, any of claims 9-15, wherein said set of surface discontinui- 

a peripheral edge disposed generally radially outward ties divides said flow into multiple segments at said periph- 

from said conical shape surface region and defining eral edge with little loss of energy, 

a face plane, and 40 17. The upright-type fire protection spray mist nozzle of 

a concave, substantially toroidal surface region gener- claim 1, wherein said stream of fire retardant fluid flowing 

ally between said conical shape surface region and from said orifice has a stream diameter measured as said 

said peripheral edge. stream is about to pass through said face plane, and the ratio 

2. The upright-type fire protection spray mist nozzle of of a diameter of a region of said concave surface lying 
claim 1, wherein said apex and said peripheral edge are 45 generally tangent to a plane that is generally perpendicular 
disposed in a plane generally perpendicular to said axis. to said axis to said stream diameter is greater than or equal 

3. The upright-type fire protection spray mist nozzle of to about 2. 

claim 2, wherein at least a portion of said toroidal surface 18. The upright-type fire protecuon spray mist nozzle of 

region is recessed downstream from said plane of said apex claim 17, wherein said ratio of a diameter of a region of said 

and said peripheral edge, relative to said orifice. 50 concave surface lying generally tangent to a plane that is 

4. The upright-type fire protection spray mist nozzle of generally perpendicular to said axis to said stream diameter 
claim 3, wherein said substantially toroidal surface region is is greater than or equal to about 3. 

recessed downstream from said plane of said apex and said 19. The upright-type fire protection spray mist nozzle of 

peripheral edge, relative to said orifice. claim 18, wherein said ratio of a diameter of a region of said 

5. The upright-type fire protection spray mist nozzle of 55 concave surface lying generally tangent to a plane that is 
claim 1, wherein said stream of fire retardant fluid flowing generally perpendicular to said axis to said stream diameter 
from said orifice to impinge upon said impingement surface is greater than or equal to about 4. 

is substantiaUy steady and coherent. 20. The upright-type fire protection spray mist nozzle of 

6. The upright-type fire protection spray mist nozzle of any of claim 1 or claims 10-15, wherein said peripheral edge 
claim 1, wherein said concave, substantially toroidal surface 60 has an inner edge diameter measured in said face plane and 
region has a shape formed by rotation of an arcuate surface said stream has a stream diameter measured as said stream 
comprised of at least three relatively smoothly blended arcs is about to pass through said face plane, and a ratio of said 
about a line defined by said orifice axis passing through said inner edge diameter to said stream diameter is at least about 
apex. 3, 

7. The upright-type fire protection spray mist nozzle of 65 21. The upright-type fire protection spray mist nozzle of 
claim 6, wherein said arcuate surface is comprised of at least claim 20, wherein the ratio of said inner edge diameter to 
five relatively smoothly blended arcs. said stream diameter is at least about 5.5. 
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22. The uprighl-typc fire protection spray mist nozzle of 
claim 21, wherein the ratio of said inner edge diameter to 
said stream diameter is at least about 8. 

23. The up right -type fire protection spray mist nozzle of 
claim 22, wherein the ratio of said inner edge diameter to 
said stream diameter is of the order of about 20. 

24. The upright-type fire protection spray mist nozzle of 
claim 20, wherein said set of surface discontinuities divides 
said flow into multiple segments at said region of said 
peripheral edge with little loss of energy. 

25. The upright -type fire protection spray mist nozzle of 
claim 1, in the form of an automatically-operating fire 
nozzle, further comprises, in a standby condition, a releas- 
able orifice seal secured in position by a thermally- 
responsive element. 

26. An upright-type fire protection spray mist nozzle, 
comprising: 

a base defining an orifice, with an orifice axis, through 
which fire-retardant fiuid can flow; 

an inlet section having an upstream end and defining a 
conduit for flow of fire retardant fluid along said orifice 
axis and leading to an upstream end of said orifice; and 

a dififuser element positioned coaxially downstream of 
said orifice* said diffuser element defining an impinge- 
ment surface that is at least substantiaUy imperforate in 
an axial direction and positioned for impingement by a 
stream of fire-retardant fluid flowing from said orifice 
in a stream direction along said axis, said impingement 
surface including a concave contoiu- shaped to divert 
fire-retardant fluid in said stream to flow from said axis 
radially outward, along said impingement surface, 
towards a region of a peripheral edge of said impinge- 
ment surface, said impingement surface adapted to 
substantially redirect said flow of fire retardant fiuid 
from said stream by at least 90° from said stream 
direction while maintaining said flow of fire-retardant 
fluid towards said region of said peripheral edge sub- 
stantially in contact with said impingement surface in a 
maimer to substantially avoid splashing. 

27. The up right -type fire protection spray mist nozzle of 
claim 26, wherein said impingement surface is adapted to 
redirect said flow of fire-retardant fluid by at least 110° from 
said stream direction while maintaining said flow of fire- 
retardant fluid towards said region of said peripheral edge 
substantially in contact with said impingement surface in a 
manner to substantially avoid splashing. 

28. An upright-type fire protection spray mist nozzle, 
comprising: 

a base defining an orifice, with an orifice axis, through 
which fire-retardant fluid can flow; 

an inlet section having an upstream end and defining a 
conduit for flow of fire-retardant fluid along said orifice 
axis and leading to an upstream end of said orifice; and 

a diflfuser element positioned coaxially downstream of 
said orifice, said dififuser element defining an impinge- 
ment surface that is at least substantially imperforate in 
an axial direction and positioned for impingement by a 
stream of fire-retardant fluid flowing from said orifice 
in a stream direction along said axis, said impingement 
surface comprising a central conical shape surface 
region extending generally toward said orifice, with an 
apex portion disposed along said axis, a peripheral edge 
disposed generaUy radially outward from said conical 
shape surface region, and a concave, substantially 
toroidal surface region generally between said conical 
shape surface region and said peripheral edge, said 
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impingement surface being shaped to divert fire- 
retardant fluid in said stream to flow from said axis 
radially outward, along said impingement surface, 
towards a region of a peripheral edge of said impinge- 
ment surface, said impingement surface being adapted 
to redirect said flow of fire-retardant fluid from said 
stream by at least 90° from said stream direction while 
maintaining said flow of fire-retardant fiuid towards 
said region of said peripheral edge substantially in 
contact with said impingement surface in a manner to 
substantially avoid splashing. 

29. An upright-type fire proteaion spray mist nozzle, 
comprising: 

a base defining an orifice, with an orifice axis, through 
which fire-retardant fluid can flow; 

an inlet section having an upstream end and defining a 
conduit for flow of fire-retardant fluid along said orifice 
axis and leading to an upsU-eam end of said orifice; and 

a diffuser element defining an impingement surface that is 
at least substantially imperforate in an axial direction 
and positioned for impingement by a stream of fire- 
retardant fluid flowing from said orifice in a sU-eam 
direction along said axis, said diflftiser element being 
positioned generally above a horizontal plane through 
a downstream end of said orifice, and said impingement 
surface including a concave contour shaped to divert 
fire-retardant fluid in said stream to flow from said axis 
radially outward toward a discontinuous peripheral 
edge to provide a water spray mist having droplets size 
in accordance with the 2000 edition of the NFFA 750 
Standard on Water Mist Fire Protection Systems. 

30. An upright-type fire protection spray misl nozzle that 
discharges a spray of fire-retardant fluid over an area to be 
protected from fire, said fire protection spray mist nozzle 
comprising a diffuser element defining a substantially imper- 
forate impingement surface, said impingement surface 
including a concave contour, and said spray being charac- 
terized by a Dvgo droplet size diameter of less than about 
250 microns when measiu-ed at a pressure of a 175 psi at the 
inlet to the nozzle, in accordance with the procedure rec- 
ommended in the 2000 edition of the NFPA 750 Standard on 
Water Mist Fire Protection Systems. 

31. The upright-type fire protection spray mist nozzle of 
claim 30, wherein said spray being characterized by a Dv^q 
droplet size diameter of less than about 200 microns when 
measured at a pressure of a 175 psi at the inlet to the nozzle, 
in accordance with the procedure recommended in the 2000 
edition of the NFPA 750 Standard of Water Mist Fire 
Protection Systems. 

32. The upright-type fire protection spray misl nozzle of 
claim 31, wherein said spray being characterized by a Dvqq 
droplet size diameter of less than a bout 150 microns when 
measured at a pressure of a 175 psi at the inlet to the nozzle, 
in accordance with the procedure recommended in the 2000 
edition of the NFPA 750 Standard on Water Mist Fire 
Protection Systems. 

33. An upright- type fire protection spray mist nozzle, 
comprising: 

a base defining an orifice, with an orifice axis, through 
which fire-retardant fluid can flow; 

an inlet section having an upstream end and defining a 
conduit for flow of fire-retardant fluid along said orifice 
axis and leading to an upstream end of said orifice; and 

a diffuser element defining an impingement surface that is 
at least substantially imperforate in an axial direction 
and positioned for impingement by a stream of fire- 
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retard am fluid flowing from said orifice in a stream 
direction along said axis, said impingement surface 
including a concave contour shaped to divert fire retar- 
dant fluid in said stream to flow from said axis radially 
outward; 

said diffuser element being positioned generally above a 
horizontal plane passing through a downstream end of 
said orifice; and 
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said orifice having an orifice diameter preferably less than 
about 0.200 inch. 

34. The upright -type fire protection sprinkler of claim 33, 
wherein said orifice diameter is less than about 0.150 inch. 

35. The upright-type fire protection sprinkler of claim 34, 
wherein said orifice diameter is less than about 0.110 inch. 
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[57] ABSTRACT 

A pendent-type fire protection sprinkler for forming a super- 
imposed combination of an inner, downwardly-directed 
spray pattern and an outer, umbrella-shaped spray pattern. 
The pendent-type sprinkler has a body defining an orifice 
and outlet for flow of fluid from a source and a pair of frame 
arms extending from the body. The deflector includes a 
generally plale-like body member defining reentrant slots, 
which may include a second type of reentrant slots in 
addition to a first type of reentrant slots, with slots of the 
second type positioned symmetrically between adjacent 
slots of the first type. The length of slots of the second type, 
measured along the slot centerlines extending inwardly from 
a peripheral edge of the deflector body member generally 
toward the central axis of the deflector body, being less than 
the length of slots of the first type. The second type of 
reentrant slots provides an additional intermediate compo- 
nentized spray pattern positioned radially between the inner, 
downwardly-directed spray pattern and the outer, umbrella- 
shaped spray pattern. 

98 Claims, 9 Drawing Sheets 



6,059,044 

Page 2 



OTHER PUBUCAnONS 

Underwriters Laboratories Inc., UL 1767, "Standard for 
Safety, Early-Suppression Fast-Response Sprinklers", First 
Edition, Feb. 1990. 

Factory Mutual Engineering Corp., "Loss Prevention Data 
2-2, Early Suppression Fast Responses Sprinklers", Apr. 
1987. 

Factory Mutual Research, "Approval Standard, Early Sup- 
pression Fast Responses Automatic Sprinklers", Jun. 1986. 
"Automatic" Sprinkler Corporation of America product 
sheets entitled Automatic ESFR Glass Bulb Sprinkler, Feb. 
1988 (pp. J 5.3, J 5.4), 

ASCOA First Systems data sheets entitled "Automatic 
ESFR Glass Bulb Sprinkler", Mar. 1992 (pp. 1.1, 1.2). 
Grinnell Corporation data sheets entitled "Early Suppression 
Fast Response Sprinklers/Model ESFR-1 Pendent, 14.3 
K-Factof\ Apr. 1988. 

Reliable Automatic Sprinkler product announcement, 
"ESFR Model H Early Suppression Fast Response Sprin- 
klers", Oct. 1992 (3 pp. total). 

Central Sprinkler Company catalog sheets entitled "Central 
ESFR-1 3-93/ESFR Early Suppression Fast Response", 
Mar. 1993 (4 pp.). 

Drawing entitled, "International Jumbo Sprinkler Head-De- 
flector", DWG. No. 1-117, Automatic Sprinkler Co. of 
America, Mar. 1926 (1 pg). 

Sheet entitled "Grinnell Jumbo Sprinkler Issue A", Grinnell 
Corp., Feb. 1969 (1 pg.). 

Drawing entitled "Solder-Type— Issue A 1/14" Grinnell 
Sprinkler Yoke, Body, Strut, Diaphragm and Disc, General 
Fire Extinguisher Cbmpany, Apr. 1917 (1 pg.). 
Drawing entitled "1 Grinnell Jumbo Sprinkler Detail Solder 
Type Issue A", General Fire Extinguisher Co., Apr. 1917 (1 
pg)- 

NJ Thompson, Fire Behavior and Sprinklers, Chapter 6 
"Automatic Sprinkler Protection", National Fire Protection 
Association, 1964, Foreward, Table of Contents (pp. 72-91). 
Newsletter for Fire Protection Engineers and Industry, No. 
11, Jul. 1968, Orinda, California (8 pp.). 
D,G. Goodfellow et al.. Technical Report entitled "Optimi- 
zation of Sprinkler Protection for United Slates Postal 
Service III. Protection of Plastic Letter Trays", Factory 
Mutual Research Corp., Oct. 1971 (39 pp). 



D. G. GoodfeUow et al.. Technical Report entitled Optimi- 
zation of Sprinkler Protection for United States Facilities/I V 
Protection of Plastic Letter Trays with 0.64 — ^in. Retrofit 
Sprinklers, Factory Mutual Research Corporation, Jul. 1974 
(30 pp. with cover and introductory pages). 

E. WJ. Troup, Technical Report entitled "New Develop- 
ments in Ceiling — Level Protection for the High-Challenge 
Fire", Factory Mutual Research (iirporation, Jan. 1974. 

PJ. Chicarello et al., Technical Report entitled "Large-Scale 
Fire Test Evaluation of Early Suppression Fast Response 
(ESFR) Automatic Sprinklers", Factory Mutual Research 
Corp., May 1986 (cover-p. 18-pp. 122-128). 

C. Yao, "The Development of the ESFR Sprinkler System", 
First Safety Journal, Elsevier Scientific Ltd., KidHngton, 
Oxford, U.K., 1988, vol. 14, No. 11 (pp. 65-73). 

C. Yao, "Overview of FMRC's Sprinkler Technology 
Research", Factory Mutual Research Corporation, May 
1992. 

Approved Product News, Factory Mutual Engineering 
Corp., vol. 4, No. 2, Dec. 1988 (pp. 1-5, 8-12, 16). 

Fire Protection Handbook, 17th Edition, National Fire Pro- 
tection Association, 1991, Title Page, inner page. Table of 
Contents, p. IX and pp. 5-127 through 5-163 and 5-174 
through 5-197). 

K. Bell, "Presentation to American Fire Sprinkler Associa- 
tion—Large K-Factor Sprinklers", Nov. 1992 (59 pp. total: 
19 pp. text and 40 pp. slide photocopies). 

Color photocopies of six color photographs of sprinkler case 
with "I.S. Co." on deflector and PAT.03 on the body and 
1903 stamped on the release link (labeled Jun. 1995) (2 pp.). 

Color photocopies of six color photographs of sprinkler case 
with "Globe" and 280 on body, G A S Co. on deflector and 
stamped 1926 on release ink (labeled Jun. 1995) (2 pp.). 

Color photocopies of five color photographs of Grinnell 
Corporation "Jumbo A automatic sprinkler — 1 1/4" orifice, 
(labeled Jun. 1995) (2 pp.). 



U.S. Patent 



May 9, 2000 Sheet 1 of 9 



6,059,044 




FIG. 1 



U.S. Patent May 9, 2000 sheet 2 of 9 6,059,044 




FIG. 2 



U.S. Patent May 9, 2000 Sheet 3 of 9 6,059, 




FIG. 4 





FIG. 5A 



U.S. Patent 



May 9, 2000 



Sheet 5 of 9 



6,059,044 




FIG. 6 



U.S. Patent 



May 9, 2000 



Sheet 6 of 9 



6,059,044 



o 

I 

CO 



a: 

cn 

a: 

^ O 
« o 

^ II 

CO " 

i i 

O ^ 

o 

D- CO 

0=: 

m 00 



o 



in 05 



CN 



CD 

55 



O 
UJ 
(O 
o 

N. 
CN 
I 

CL 
CO 

d 

LU 
CO 
lO 
CO 



CO 



o 

Z) 

o 

LU 

Q 
u. 

O 

o 

o 
cr 

LU 

m 
2 



o 



O 



CN 



C35 
C» 
O 



o 

CM 



CO 
CO 
CNJ 



CD 
CJ> 



in 

CM 



CM 



CD 

T— 

CO 

o 



CO 
CM 



CM 
CM 
CM 

d 



CD 



CO 
00 
CsJ 

d 



CO 
CD 
CO 



ay 
in 

CO 



CM 
00 



in 
o 

d 



CO 

d 



CD 

d 



CNJ 
CM 



CO 



in 

CM 

d 



CO 
CO 

d 



CD 
CD 
CM 



O 



d 



in 
d 



CM 

d 



CD 
CO 



in 

CD 



CO 

T— 

d 



in 

CM 

d 



00 

T- 

d 



CO 
Csi 
CM 



CO 

d 



ay 



05 
CM 



in 



.CM 



I- 



.C\4 
(33 



N. in 00 in 
{D T~ o) ai lo CD 

''t CM T- CM CM in CO 

d d d d d d d 
11 It II II II II II 



Q a 
a a 
< < 



LU 

o 



Q Q Q 
Q Q Q 
<<< 

add 

3 Z) 3 

< < < 
aoo 

UJLU^ 

2Wco 



U.S. Patent 



May 9, 2000 



Sheet 7 of 9 



6,059,044 



O 
05 



O 
O) 



CO 
CM 
r— 

o 



I 

o 
o 
o 

CM 
I 

'« 
Q. 
(£} 



CO 



Q- 

oi 
CC 
O 
Q 
O 
11 



E 

D) 
O 
O 



CN 
I 

CM 



CO 
CO 
C>sJ 

II 

CO 

p 

it; 

o 
T o 

to C7> 

^ Jo 

^ CM 



z 

o 



05 



O 
Ui 
CO 

CNJ 

o 

CM 

1 

Ol 
CO 

d 

LU 
CO 

in 

CO 
Z 

o 

H 

O 

Q 
LU 

i 

O 
Q 
O 

q: 

LU 
CL 

LU 









00 


00 


o 


CO 






cn 




•<c — 




O 




o 


o 


CO 


d 


d 






CO 










T- 










C3 






CO 


CD 






CM 




in 




CO 












CM 




CD 




d 


d 



CNJ 



in 
d 



00 

d 



CJ) 
CO 



CM 

d 



in 

CM 



CO 

in 

CO 

d 



in 

CO 

CNJ 

d 



CM 
CO 

d 



in 

CO 



.CO 
05 



CO 



CO 



CO 

in 



CO 

m 



CO 

d 



CM 
CO 



CM 

m 



in 

CM 

d 



CNJ 

eg 
d 



in 

CM 



00 

in 

C\j 

d 



CO 
CO 

o 



in 
d 



CO 
CO 



CO 



00 



CO 
o 



in 

CO 
CM 

d 



d 



.CM 
C35 



Q. 



.CM 



Tt CO CO CO 05 CO o 

00 in tn in CO r*- CM 

CnJ T- T- T- CO CO 

(6 <5 d (5 CD d d 



It II 

Q Q 

0 O 
<< 
LU 

01 z 

o< 

LU > 
O 



II II II 

Q Q Q 
Q Q Q 

< < < 

^ d Q 

5<< 

llOO 
H 5 LU 
CO ^ 

< z 

LU 



II II 

Q Q 

O Q 

< < 

Q d 

< < 



CO 



CO 



U.S. Patent May 9, 2000 sheet 8 of 9 6,059,044 



in 
o 



CD 



a: 

Q. 

o> 

a: 
o 

Q 

o 

^ II 

« _ 

CD ^ 

T cd" 
& ^ 



4i 

I 



CO 
00 

o 



if! g> 
eg 



2 



O 
UJ 
CO 
o 

CO 

I 

CL 
CO 

d 

LLI 
CO 

lO 
CM 
I 

CO 



o 

O 

Q 
LU 

Q 
U. 

O 

a 
o 
cr 

LU 
CL 
LJJ 



o 



o 



(N 



o 
o 



CO 



CO 
CN 



00 
CO 
CM 



CNi 

d 



CM 
CO 



CD 

CO 



CO 

o 



CO 
00 

d 



CM 
CO 



in 

CO 

eg 
d 



CM 

d 



in 

CM 
CM 

d 



CO 



CD 

d 



CM 



CO 



CO 
CM 
CD 

d 



C^ 



■8 S 



CM 
O 

tn 



in 

CM 
CO 



CO 
CD 



in 
d 



CO 
CO 



00 
00 



CD 

in 
d 



1^ 
in 



d 



CO 
CM 

d 



tn 



CO 

o 



CO 
CO 
CM 



d 



o 

CO 



00 
CO 



CD 
O 
CM 



in 

CM 



00 

d 



.CN 



(3 
u. 



C35 



CM O C7> CO CM CD O 

O) CO 00 CO G) o> 

in CM CO CO in 

d d d c5 d d d 

II II II II II II II 



Q Q 
Q a 
< < 

a: 2 
o< 

^ I- 

UJ > 

o 



CO 

< ; 

LU 



Q Q Q 
Q Q D 

< < < 

d d Q 

=) 3 

< < < 

oao 

z^co 



U.S. Patent May 9, 2000 sheet 9 of 9 6,059,044 



CO 



o 



05 



^ II 

? CO 



o < 



in 
o 

CO 



in 
I 

CO 



? 35 



o 

LU 
CO 
o 
m 

CO 



Q- 

o 



I — 

to 



Q- 

0 0(0 
§ " o 

IS ^ 

o II z 
O 



o 
o 

UJ 

Q 
u. 
O 
Q 
O 

q: 

LU 
0. 

LU 



o 



o 



CM 



0.090 ' 


0.101 ' 


00 

in 


0.104 


9600 
















d 












T— 


in 


o 


o 




00 


CM 




CNJ 






CM 


d 


d 




d 


d 



o 

CM 

d 



CM 



CM 



O) 

o 

CM 

d 



00 



CO 
CM 

d 



o 

CO 



CO 
00 

d 



CO 

in 

CM 

d 



in 
d 



CM 
O 



.CD 



00 

d 



CO 
CO 
CM 



00 

in 



d 



C7) 



oo 

C73 



CO 
O 



CD 
O 



00 

d 



o 
d 



o 
d 



CO 

m 

CM 



in 

00 
CO 



CO 
CO 
CM 



CM 
CM 



00 

in 



CO 

d 



o 
d 



.CM 



o 

LL 



.CM 



CO 00 o 

CO in in 

CO f T- 

d d d 
II II II 

Q Q Q 
Q Q O 
< < < 

ijj isi 

^ LL U- 
y CO CO 

o 



O CO N- 

C3> T- O CM 

T- CM m CO 

d d d 

II 11 II 

Q Q Q 

Q Q Q 

< < < 



O 

II 

Q 
Q 
< 



Q Q Q Q 
3 D 3 3 
< < < < 

oaoo 



6,0: 

1 

FIRE PROTECTION SPRINKLER AND 
DEFLECTOR 

CROSS REFERENCE TO RELATED 
APPDCAnONS 

This application is a contiauation-in-part of U.S. Ser. No. 
09/079,789, filed May 15, 1998, which is now abandoned. 

The invention relates to deflectors and fire protection 
sprinklers which utilize such deflectors. 

BACKGROUND OF THE INVENTION 

Fire protection sprinklers may be operated individually, 
e.g. by a self-contained themaaUy sensitive element, or as 
part of a deluge system in which fine retardant fluid flows 
through a number of open sprinklers, essentially simulta- 
neously. Fire retardant fluids may include namral water or 
appropriate mixtures of namral water and one or more 
additives to enhance fire fighting properties of a fire protec- 
tion system. 

Fire protection sprinklers generally include a body with 
an outlet, an inlet connectable to a source of fire retardant 
fluid under pressure, and a deflector supported by the body 
in a position opposing the outlet for distribution of the fire 
retardant fluid over a predetermined area to be protected 
from fire. Individual fire protection sprinklers may be auto- 
matically or Don-aulomaticaily operating. In the case of 
automatically operating fire protection sprinklers, the outlet 
is typicaUy secured in the normally closed or sealed position 
by a cap. The cap is held in place by a thermally-sensitive 
element which is released when its temperature is elevated 
to within a prescribed range, e.g. by the heat from a fire, TTie 
outlets of non-automatic sprinklers are maintained normally 
open, and such sprinklers are operated in an array, as part of 
a deluge system, fi-om which fire retardant fluid flows when 
an automatic fluid control valve is activated by a separate 
fire, e.g. heat, detection system. 

Installation or mounting position is another parameter 
which distinguishes different types of fire protection sprin- 
klers. For example: Pounder U.S. Pat. No. 4,580,729 illus- 
trates a pendent mounting (i.e., pendent-type) sprinkler 
arranged so that the fluid stream discharged from the outlet 
is directed initially downwards against the deflector; Dukes 
U.S. Pat. No. 2,862,565 illustrates an upright mounting (i.e., 
upright-type) sprinkler arranged so that the fluid stream 
discharged from the outlet is directed initially upwards 
against the deflector; and Mears U.S. Pat. No. 4,296,815 and 
Fischer U.S. Pat. No. 4,296,816 illustrate a horizontal 
mounting (i.e., horizontal-type) sprinkler arranged so that 
the fluid stream discharged from the outlet is directed 
initially horizontally against the deflector. In each case, the 
purpose of the deflector is to break up the fluid stream into 
a pattern of spray that can suitably cover the area to be 
protected by the sprinkler from fire. 

ESFR (Early Suppression Fast Response) fire protection 
sprinkler applications have typically required the use of 
pendent sprinklers. Upright and horizontal sprinklers have 
generally been found less suitable for ESFR applications, 
particularly at commodity storage heights of greater than 30 
feet. This is because upright sprinklers inherently have 
reduced downward spray directly beneath the sprinklers and, 
therefore, underneath the fire protection fluid supply piping 
from which they are fed. Horizontal type sprinklers, on the 
other hand, are generally designed with a spray pattern that 
projects horizontally to protect more remote reaches of the 
intended coverage area and, as such, do not provide the 
downward thrust of fluid spray necessary for ESFR sprinkler 
applications, over the entire area to be protected from fire by 
the sprinkler. 
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The concept underlying ESFR sprinkler technology is that 
of dehvering onto a fire at an early stage a quantity of water 
sufficient to suppress the fire before a severe challenge can 
develop. ESFR sprinklers are particularly useful in commer- 

5 cial settings where the clearance between the sprinklers and 
the source of the fire could be large. For example, in a 
warehouse having high ceilings, the distance between pen- 
dent sprinklers and the upper surfaces of combustible com- 
modities in the storage racks can be relatively large. In such 
settings, the size of a fire can grow significantly before a first 
sprinkler is activated by heat from the fire. Thus, it was 
recognized that to suppress a fire in such a setting, a greater 
quantity of water should be delivered quickly so that the fire 
will be kept less intense, and the corresponding convective 
heat release rate will be kept lower. In mm, with a lower heat 

^5 release rate, the upward plume velocity of the fire will also 
be relatively lower. Fire protection specialists often charac- 
terize this concept by saying that the Actual Delivered 
Density (ADD) of the first operating sprinklers) should 
exceed the Required Delivered Density (RDD). RDD is 

20 defined as the acmal density of fire retardant fluid required 
to suppress a fire in a particular combustible commodity in 
units of gpm/ft^. ADD is generally defined as the density at 
which water is acmally deposited from operating sprinklers 
onto the top horizontal surface of a burning combustible 

25 array, in units of gpm/ft^. 

The relationships between sprinkler spray patterns, fire 
plume velocity, and amount of combustible commodity are 
important factors which need to be taken into account in the 
design of ESFR sprinklers. As the ceiling-to-floor distance 

30 increases and the amount of combustible commodity 
increases, the fire plume velocity and upward thrust increase 
to such vigorous levels that standardized tests now require 
actual opposing thrust specifications in the central area of 
the spray pattern for certification of an automatic fire pro- 

35 tection sprinkler for service in the ESFR sprinkler category 
(Ref. Undenvriters Laboratories (UL) and Factory Mutual 
(FM) ESFR Sprinkler Standards). Previous approaches for 
addressing higher elevation, higher challenge fire protection 
applications with ESFR pendent sprinklers have included 

40 using deflectors with straight slots or slots that taper to 
become slightly wider in the radially outward direction; in 
combination with, increasing fluid water pressure to com- 
pensate for increased elevations, since the thrust of the spray 
pattern is a combination of both velocity and mass of the fire 

45 retardant fluid droplets. 

ESFR pendent sprinklers often provide a sprinkler spray 
pattern having a central downward thrusting core formation. 
Providing a central core of high thrust droplets is particu- 
larly important in higher elevation, higher challenge fire 

50 protection apphcations where the updraft of a quickly devel- 
oping fire located under a sprinkler head could fully displace 
the spray pattern of the sprinkler head if the downward thrust 
was insufiScient to effectively oppose the updraft. One 
approach for providing more water coaxial with the center- 

55 line of the sprinkler spray pattern is described in Mears U.S. 
Pat. No. 4,296,815, the entire disclosure of which is incor- 
porated herein by reference. Mears *815 describes a hori- 
zontal sidewall sprinkler with a discharge which increases 
the amount of fire protection fluid in the region coaxial with 

60 the sprinkler discharge axis by use of a deflector with 
radially extending tines spaced by reentrant slots. A reen- 
trant slot is defined as a cutout extending through a deflector 
and generaUy radially inwardly fi-om an opening at the 
deflector periphery, the slot having a transverse width which 

65 is larger at a more radially inward portion of the deflector 
than the transverse width nearer the peripheral region of the 
deflector. 
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SUMMARY OF THE INVENTION 

The invention relates to a pendent-type fire protection 
sprinkler of the type including a sprinkler body defining an 
orifice and an outlet for delivering a flow of fluid from a ^ 
source, and at least one ann extending from the sprinkler 
body. The orifice defines an orifice axis, and the outlet is 
disposed generally coaxial with the orifice axis. The sprin- 
kler also includes an apex element supported by the at least 
one arm, with an apex axis generally coaxial with the orifice 
axis, and a deflector mounted to the apex element at a 
distance further from the outlet than the apex element. 

In a general aspect of the invention, the deflector of the 
sprinkler includes a deflector body defining a first, inside 
surface opposed to the flow of fluid, an opposite, second 15 
surface, and a deflector axis generally coaxial with the 
orifice axis. The deflector body defines two or more gener- 
ally opposing reentrant slots extending through the deflector 
body, from the first, inside surface to the second, outside 
surface, with the slot openings at an outer peripheral edge of 20 
the deflector body. The reentrant slots extend inwardly from 
the peripheral edge, along reentrant slot centerlines or axes, 
generally toward the deflector axis. TTie reentrant slots also 
have first widths measured transverse to the slot centerlines 
in regions of the peripheral edge and second widths raea- 25 
sured transverse to the slot centerlines at a regions spaced 
inwardly, toward the deflector axis, relative to the regions of 
the peripheral edge, the second widths being greater than the 
first widths. The innermost portions of the reentrant slots 
extend inwardly toward the deflector axis so as to be no 30 
further outward from the deflector axis than the outermost 
surface of the apex element. 

The portion of the deflector between the slot portion 
extending inward from the periphery of the deflector and the 
larger width opening at the radially more inward portion of 35 
the deflector provides a web-like component spray pattern 
extending outward from the central core formation. 

The pendent-type fire protection sprinkler of the invention 
is a fixed deflector, impingement-type fire protection sprin- 
kler in which the body defines an inlet for connection to a 
source of fluid under pressure, an outlet, and an orifice 
normally located just upstream of the outlet. The outlet may 
be normally closed by a plug held in place by a thermally 
responsive element configured to automatically release the 
plug when the temperature of the thermally responsive 45 
element is elevated to within a prescribed range. Upon 
operation (i.e., release of the plug), with the fire protection 
sprinkler of the invention, whether individually operated or 
used open as part of a local application or total flooding 
system, a vertically directed, relatively coherent, single 50 
stream of water (downward for pendent-type sprinklers) 
rushes through the outlet, from the orifice, towards the 
deflector. As it impacts (i.e., impinges) upon the deflector, 
the water is diverted generally radially downward and 
outward, breaking up into a spray pattern, the configuration 55 
of which, in large part, is a function of the deflector design, 
and it is projected over the intended area of coverage, i.e., 
the protected area. 

The flow rate "Q" from a sprinkler of the invention, in 
which a single stream of water is discharged from the outlet ^ 
orifice, expressed in U.S. gallons per minute (gpm), is 
determined by the formula: 

65 

where: "K" represents the nominal nozzle discharge coeflB- 
cient (normally referred to as K-factor), and gape represents 
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the residual (flowing) pressure at the inlet to the nozzle in 
pounds per square inch (psi). 

The fire protection sprinkler of the invention operates by 
impacting a relatively coherent, single fluid jet against the 
deflector described above. The fire protection sprinkler has 
a K-factor preferably in a range of from about 8.0 to 50.0, 
more preferably in the range of about 14.0 to about 30.0, and 
most preferably about 25.0, the range from about 14.0 to 
30-0 being found more preferable from the standpoint of 
m i n imi zing fire protection system installation costs and 
operating power requirements. 

Larger K-factors have been determined to be capable of 
delivering quantities of fire retardant fluid sufiBcient for an 
ESFR sprinlder application. As the elevation of the particu- 
lar hazard increases (i,e., taller warehousing), the pressure 
required to deliver quantities of fluid sufficient to produce 
the downward thrust necessary to oppose well developed fire 
updrafts from such elevations becomes so high as to be 
impractical when K-factors are less than about 8.0. 
However, for K-factors of about 14.0 or greater, and at the 
required delivered rate of fire retardant fluids, a sprinkler 
pressure sufficient to produce the required downward thrust 
by traditional deflector means is practical to achieve, but 
may not be as economical as desired. 

In a preferred embodiment, the deflector of the invention 
compensates for the lower droplet velocities at the lower 
inlet pressures desirable for the larger K-factor sprinklers by 
diverting an optimized portion of the spray selectively 
directed within the spray pattern. The deflector is provided 
with at least one set of reentrant slots positioned so that their 
most radially inward portion is no further outward from the 
deflector axis than the outermost surface of the apex element 
of the sprinkler frame. With this arrangement, there is 
diverted a quantity of fire retardant fliud sufficient to produce 
the required amount of thrust in the inner, downwardly- 
directed portion of the spray pattern at pressures lower than 
those produced by either straight slots or slots that taper to 
become slightly wider in the radiaUy outward direction. 

In another aspect of the invention, the deflector body 
defines reentrant slots including first and second types of 
reentrant slots, with each type including two or more reen- 
trant slots. At least two, generally opposing reentrant slots of 
the first type of reentrant slots extend through the deflector 
body, from the first, inside surface to the second, outside 
surface, with the slots opening at an outer peripheral edge of 
the deflector body and extending inwardly from the periph- 
eral edge, along reentrant slot centerlines, generally toward 
the deflector axis, to a first type slot lengUi. The reentrant 
slots of the first type have a first width measured transverse 
to the slot centerline in a region of the peripheral edge and 
a second width measured transverse to the slot centerline in 
a region spaced inwardly, toward the deflector axis, relative 
to the region of the peripheral edge, the second width being 
greater than the first width. At least two generally opposing 
reentrant slots of the second type of reentrant slots also 
extend through the deflector body, from the first, inside 
surface to the second, outside surface, with a slot opening at 
an outer peripheral edge of the deflector body, and extend 
inwardly from the peripheral edge, along a reentrant slot 
centeriine, generally toward the deflector axis, to a second 
type slot length. The reentrant slots of the second type have 
a first width meaaired transverse to the slot centerline in a 
region of the peripheral edge and a second width measured 
u-ansverse to the slot centeriine in a region spaced inwardly, 
toward the deflector axis, relative to the region of the 
peripheral edge, the second width being greater than the first 
width. Each of the reentrant slots of the first type is disposed 
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between reentrant slots of the ^ond type, with the first more preferably, comprise a portion having a pear-shape, 

type slot lengths being different from the second type slot Preferably, the second width of the first type of reentrant 

lengths. slots is in the range of about 0.13 inch to about 0.17 inch, 

With this arrangement, the use of alternating pairs of and more preferably, about 0.15 inch. Preferably, the first 

generally opposing reentrant slots of the second type pro- 5 width of the first type of reenU-ant slots is in the range of 

vides an intermediate componentized spray pattern. The about 0.08 inch to about 0.10 inch, and more preferably, ■ 

intermediate componentized spray pattern is particularly about 0.09 inch. Preferably, the second width of the second 

effective in ESFR sprinkler applications where updrafts in type of reentrant slots is in the range of about 0.16 inch to 

regions between the outer shell regions and regions along about 0.20 inch, and more preferably, about 0.18 inch, 

the cenu-al axis of the sprinkler orifice are CTeated. Such lO Preferably, the first width of the second type of reentrant 

updrafts are often created in higher elevation, higher chal- slots is in the range of about 0.08 inch to about 0.10 inch, 

lenge settings (e.g., warehouses) where the increased eleva- and more preferably, about 0.09 inch, 
tion allows a fire to grow to a large size before operating a The angular spacing between eight (i.e. four pairs) adja- 

sprinkler head positioned off center from the ignition point cent reentrant slots of the first type is in a range of between 

of the fire. 15 about 40° and 50°, preferably about 45°, Similarly, the 

Embodiments of either of these aspects of the invention angular spacing between eight (i.e., four pairs) adjacent 

may include one or more of the following features. reentrant slots of the second type is in a range of between 

Preferably, the innermost portions of at least one pair of about 40° and 50°, preferably about 45°. Pairs of generally 

generally opposing reentrant slots of a first type extend opposing reentrant slots of the second type are disposed 

inwardly toward the deflector axis so as to be no further 20 intermediate between generally opposing reentrant slots of 

outward from the deflector axis than the outermost surface the first type with the angular spacing between adjacent 

of the apex element. The centerlines of the slots extend reentrant slots of the first and second types being in a range 

radially outward from the deflector axis. More preferably, of between about 20° and 25°, and preferably about 22.5°. 
the innermost portions of at least two pairs, and most Preferably, the deflector has an outside diameter greater 

preferably the innermost portions of at least four pairs, of 25 than about 1.00 inch, more preferably, an outside diameter 

generally opposing reentrant slots of a first type extend greater than about 1.50 inch, and most preferably an outside 

inwardly toward the deflector axis so as to be no further diameter of about 1.75 inch. 

outward firom the deflector axis than the outermost surface In preferred embodiments, the deflector body is a plate- 

of the apex element. Preferably, the innermost portions of at like member with a thickness greater than about 0.06 inch, 

least one pair of generally opposing reentrant slots of a 30 more preferably with a thickness greater than about 0.075 

second type extend inwardly toward the deflector axis to be inch, and most preferably a thickness of about 0.09 inch. In 

no closer to the deflector axis than the outermost surface of the most preferred embodiment, with a deflector body Ihick- 

the apex element. More preferably, the innermost portions of ness of about 0.09 inch, the reenUrant slots are provided with 

at least two pairs, and most preferably the innermost por- additional (side) surfaces which act as fluid control or 

tions of at least four pairs, of generally opposing reentrant 35 distribution surfaces, an advantage not appreciated when 

slots of a second type extend inwardly toward the deflector more traditional straight or slightly radiaUy outwardly 

axis to be no closer than the outermost surface of the apex tapered slots are employed. 

element. The plurality of reentrant slots extend through the deflec- 

Adjacent reentrant slots of the plurality of opposing tor body, from the first, inside surface to the second, outside 

reentrant slots of the first type are preferably circumferen- 40 surface, each with a slot opening at an outer peripheral edge 

tially spaced around the deflector at an angle in the range of of the deflector body, extending inwardly from the periph- 

between about 175° and 185°, more preferably in the range eral edge, along a reentrant slot centerline, generally towarf 

of between about 85° and 95°, most preferably in the range the deflector axis, each reentrant slot having a first width 

of between about 40° and 50°, and optimally at an angle of U-ansverse to the slot centerline in a region of the peripheral 

about 45°. Adjacent reentrant slots of the plurality of oppos- 45 edge and a second width transverse to the slot centerline in 

ing reentrant slots of the second type are preferably circum- a region spaced inwardly, toward the deflector axis, relative 

feren tially spaced around the deflector at an angle in the to the region of the peripheral edge, the second width being 

range of between about 175° and 185°, more preferably in greater than the first width. 

the range of between about 85° and 90°, most preferably in The sprinkler further includes at least one arm extending 

the range of between about 40° and 50°, and optimally at an 50 from die sprinkler body containing an oudet and orifice 

angle of about 45° .in the range of between about 40° and connectable to a source of fire retardant fluid, and an apex 

50°, and optimaUy at an angle of about 45°. element supported by the at least one arm, with an apex axis 

Pairs of opposing reentrant slots of the second type are generally coaxial with the orifice axis, the deflector being 

disposed intermediate of and symmetrically between reen- mounted to the apex element further from the outlet than the 

trant slots of the first type. The first type slot lengths are 55 apex element, and the innermost portion of at least one pair 

equal to or greater than the second type slot lengths. The of opposing reentrant slots being no further outward from 

centerUnes of the reentrant slots of the first type extend the apex (deflector) axis than the outermost surface of the 

radially outward from the deflector axis. Similarly, the apex element, relative to the flow of fluid, 
centerlines of the reentrant slots of the second type also These and other features and advantages of the invention 

extend radially outward from the deflector axis. Preferably, 60 will be apparent from the following more detailed 

all reenU-ant slots of the first type have an equivalent first description, and from the claims, 
type slot length, and all reentrant slots of the second type 

have an equivalent second type slot length. ^^^^ DESCRIPTION OF THE DRAWINGS 

The generally opposing reentrant slots of the first type FIG. 1 is a side elevational view of a fire protection 

comprise a portion having an elongated shape. Preferably, 65 sprinkler of the invention; 

the generally opposing reentrant slots of the second type FIG. 2 is a side sectional view of the fire protection 

comprise a portion having a generaUy Uiangular shape and, sprinkler taken at line 2 — 2 of FIG. 1; 
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FIG. 3 is a lop plan view of a deflector element for use in outside dimensions of the deflector; 

the fire protection sprinkler of FIG. 1; shape and arrangement of openings and tines located 

FIG. 4 illustrates a spray pattern for a fire protection around the periphery of the deflector; and 

sprinkler having a deflector with reentrant slots; shape, size, and arrangement of holes located within the 

no. 5 is a top plan view of an alternate embodiment of ^ ^^^^ deflector, when such holes are 

a deflector element for use in the fire protection sprinkler of ^^^^ ^ conjuncUon with slots and tines located 

FIG. 1, and FIG. 5A is a similar enlarged view of the region ^ f f'^Jr'f^l f ^f%T'- * . 

A— A of FIG 5- and Refemng to FIG. 3, a deflector 21 of the mvention for use 

™„ , ... ' ' , . , o ^ pendent-type fire proteaion sprinkler 10 has an outside 

FIG. 6 Illustrates a spray pattern provided by the fire diameter,D„e.g.,auniformvalueof about 1.75 inches. The 

protection sprinkler usmg the deflector element of FIG. 5. deflector 30 has a thickness of about 0.09 inch, and it is 

BG. 7 is a chart of ADD test data in a no-fire, water spray fabricated from a phosphor bronze alloy UNS52100, per 

only condition for a typical straight-slotted deflector. ASTM B103, with a Rockwell B Scale hardness of about 92. 

FIG. 8 is a chart of ADD test data with a simulated 2,000 diameter of deflector 21 is optimized to provide, from 
kw fire located direcdy beneath the primary axis of the 15 ^ predetermined height, a particular spray pattern over a 

sprinkler for the same typical straight-slotted deflector. desired area to be protected from fire. The outside diatpeter 

'i7\r q;c ^ ..u^^ «P Arfcn * . J * • £ i is Hmited by the volume of fire retardanl fluid, and bv the 

Mu. y IS a Chan of ADD test data in a no-fire, water spray „r ,t,^ /^-^^^ x^i u * • • j 

„ -nv - J, a L ■ size or the orince. Moreover, where cost is a consideration, 

only condiuon usmg a sprmkler having a deflector m accor- increasing the size of the deflector diameter requires the 

dance with the mvenUon. ^ckn^ of deflector 21 to be increased in order to ensure 
FIG. 10 is a chart ofADD test data with a simulated 2,000 20 that it has sufficient rigidity to withstand the force of the 

kw fire located directly beneath the primary axis of the discharged stream of fluid. 

sprinkler using a sprinkler having a deflector in accordance The deflector 21 has an inside surface 38 (FIG. 1) 

with the invention. downstream of, and facing towards, i.e. opposing, the 

deflector outlet 18, and an outside surface 46 (FIG. 1) on the 
DETAILED DESCRIPTION 25 opposite side of the deflector, i.e. facing away from the 

Referring to FIGS. 1 and 2, a fire protection sprinkler 10 deflector outlet. The inside surface of the deflector 21 

of the deflector impingement pendent-type has a body 12 includes a substantially flat, central base area 48 (FIGS. 3 

with a base 14 defining an inlet 16 for connection to a source leaving a central hole 25 for mounting to the apex 

of fluid under pressure (not shown), and an outlet 18 (FIG. element 26. 

2) with an axis, A. In certain embodiments, a strainer (not ^ grouping of equally spaced reentrant slots 29, e.g. at 

shown) may be located at inlet 16 to prevent debris larger ^^^^ ^^^^^ preferably about eight, as shown in 

than a preselected combination of dimensions from entering symmetrically located about the periphery of the 

and clogging fluid flow through outlet 18. A pah of deflector through the body of the deflector 21, i.e. from the 

U-shaped frame arms 22, 24 extend from opposite sides of ifiside surface to the opposite outside surface of the deflector, 

the base 14 to join at an apex element 26 at a position radiaDy innermost portions of the reentrant slots are 

downstream of, and generally coaxial with, the outlet 18. substantially in Une axially with the outer peripheral surface 

Apex element 26 is generally conically-shaped, with the (^^- ^) ^f the apex element 26 of the sprinkler frame, or 

relatively wider diameter end adj acent to a water distribution extend beneath, i.e. underhe, in the direction of fire retardant 

deflector 30 aflSxed to, and disposed coaxial with, the apex ^o^' outermost surface apex element 26, as shown 
element 26. 40 in FIG. 2. 

The outlet 18 of the fire protection sprinkler 10 is nor- arrangement, it has been found that a relatively 

mally closed by a spring plate assembly 32, The assembly is ^^^^^^^ quantity of fire retardant fluid can be diverted to 

held in place by a ihermaUy responsive element 34 consist- P^duce a relatively greater amount of thrust in the inner, 

ing of two thin sheet metal members secured together by a downwardly-directed portion (i.e., the central core) of the 

low temperature fusible solder alloy which separates and ^^^^ pattern at lower pressures, as compared to the amount 

automatically releases the spring plate assembly when the °^ central core thrust generated by prior art deflectors, e.g. 

thermally responsive element is heated to an elevated tem- straight slots or slots which are slighted tapered 

perature within a specified operating temperature range for ^ ^ direction radially outward from the deflector axis, 

a pre-selected nominal temperature rating, e.g., 74° C (165° Referring to FIG. 4, a spray pattern for a commercial 

F.). The retention force appUed by the thermally responsive ^° protection sprinkler with the deflector 21 having 

element is transmitted to the spring plate assembly 32 by the reentrant slots 29 is iUustrated. The reenu-anl slots 29 result 

load applied through a strut 35a via lever 35^. In one ^ ^ ^^^^^ pattern 2 in which the spray direction is altered 

particular embodiment, the thermally responsive element 34 towards a center main axis 3 of a sprinkler 4. In particular, 

is available, e.g., from GrinneU Corporation, of Exeter, reentrant slots 29 of the deflector result in formation of 

N.H., in temperature ratings of 74° C. (165° F.) and 101° c' ^ ^ ^^^^y pattern 2, with tines of the deflector 

(214° F.). resulting in formation of an outer shell 8 of spray pattern 2. 

Upon release of spring plate 32, a vertically directed, "^"^^ "^'^ P^''^^" ^ "P^^^ P"^^""' 

relatively coherent, single stream of fluid passes through ^ f °P^f (' f' ^^^^ 

inlet 16, rushing downward from the outlet 18 towards the l^^'^^'y)^ ^^^^^^ely l^^er inlet pressures, than provided 
deflector 30 ^° ^ P"^'" spnnklers of similar purpose. 

u*«t«f«,l iu t *u . L ^ will be described in greater detail below, in other 

lisSn™v ; ,e i7 T ?f ' "'T"'''' ESFR sprinkler applicalions. it may be desired W alter the 

i^l?JI ^ , , f^f'^^-fyP^ spnidcler operating ,p,,y p3„em to provide additional concentrations of fluid 

?Jhin1 X h -^''m "^Ti: "^^"T. ^" «P"y- « "'h" the central core and outer umbreUa- 
a substantiaUy horizontal deflector, include: ^5 ^i,^^^ ^^^^^ 

form and/or shape of the deflector support structure; For example, referring to FIG. 5, the deflector 30 of the 

form and/or shape of the deflector; deflector impingement-type, automatic fire protection sprin- 
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kler 10 of the invention has an outside diameter, Dj, e.g., a Tmes 68 are defined by that portion of the deflector body 

uniform value of about 1.75 inches. The deflector 30, having extending from central base area 48 and including those 

a thickness, T (FIG. 1), e.g. about 0.09 inch, is fabricated regions between reentrant slots 54 and reentrant slots 60 

from a phosphor bronze alloy UNS52100, per ASTM B103, The shape of reentrant slots 60 is somewhat dependent on 

witti a Rockwell Scale B hardness of about 92. 5 the shape of reentrant slots 54. In As particular, the pear- 

Referrmg ag^ to FIG. 5 as weU as to FIG 2, deflector ^hape of reentrant slots 60 ensures that the width of tines 68 

fl^^c " ''"^f f^^g between reentrant slots 54 and 60 is sufficient to provide the 

su^^ki nnTZ;,^ "°f^%°;j. i n ' T d^ired structural rigidity to the deflector body, a^ weU as to 

surtace 46 on the opposite side of the deflector, i,e, facing c -iv ♦ 4: *, *u u j i_ . j 

away from the nozSe outlet. ITie inside surfac^ 38 of the facilitate manufacture of the body, e.g., when stamped or 
deflector 30 includes a substantially flat, central base area 48 ^° "Machined. 

having a central hole 49 for mounting to the apex element Referrmg to FIG. 6, m operation, a stream of fire retardant 

26. fl^d, e.g. water, from the outlet 18 impacting upon the 

Referring particularly to FIGS, 5 and 5A, a first grouping opposed, inside surface 38 of the deflector 30 is diverted 

of a first type of equally spaced reentrant slots 54, e.g., generally radially downward and outward by the deflector, 

preferably at least one pair of generally opposing reentrant being broken into a spray pattern consisting of a superim- 

slots, more preferably at least two pairs of generally oppos- posed combination of an outer, umbrella-shaped pattern 

ing slots, and most preferably about four pairs of generally component, an intermediate, oomponentized spray pattern 

opposing slots, are symmetrically located around the periph- component, and an inner, generally conical-shaped pattern 

ery of deflector 30 and extend from the inside surface 38 to component, the configuration of the spray pattern being 
the opposite outside surface 46, and thus through the body 20 primarily a function of deflector design, 

of the deflector 30. Each reentrant slot 54 extends a radial Referring to FIG. 6, and in contrast to FIG. 4, automatic 

length Li, e.g., in the range of about 0.52 inch to about 0.62 fire protection sprinkler 10 having deflector 30, in operation, 

inch, and preferably about 0.57 inch, from an outer periph- provides a spray pattern 70 well-suited for ESFR sprinkler 

eral edge 58 of the deflector inward towards base area 48. applications. In particular, reentrant slots 54 cause the spray 
The reentrant slots 54 are elongated in shape and angularly 25 to form a central core 72, tines 68 cause the spray to form 

spaced from each other in a range between about 40° to 50° an outer shell 74, and reenU-ant slots 60 cause the spray to 

and preferably, as shown here, the angular spacing is about form secondary thrust regions 76 in an intermediate zone, 

45". Further, the elongated reentrant slots 54 have a first between central core 72 and outer shell 74, of the spray 

width, D„jy measured transversely to the slot centerlines in pattern 70. 

aregionof the peripheral edge 58, in the range of about 0,08 30 In addition, referring again to FIG. 5, in a preferred 

inch to 0.10 inch, and preferably about 0.09 inch, and a embodiment, deflector 30 is positioned with a pair of reen- 

second width, D^^, measured transversely to the slot cen- trant slots 60 disposed in plane, F, of the sprinkler frame 

terhnes in a region spaced inwardly from the peripheral arms 22, 24, 

edge, in the range of about 0.13 inch to 0.17 inch, and A commercial embodiment of the automatic fire protec- 

preferably about 0.15 inch. 35 tion sprinkler 10 of the invention is represented by a 25.2 

A second grouping of a second type of equally spaced K-factor Model ESFR-25 pendent sprinkler assembly, as 

reentrant slots 60 (e.g., preferably at least one pair of manufactured by Grinnell Corporation, 3 Tvco Park, Exeter, 

generally opposing slots, more preferably at two pairs of N.H. 03833. 

generally opposing slots, and most preferably at least four Using a Model ESFR-25 sprinkler assembly, data was 

pairs of generally opposing slots, as shown in FIG. 5) are 40 collected for comparison of fluid densities released over an 

symmetrically positioned between adjacent reentrant slots area representing the top of stacked commodities, e.g., 

54. Referring also to FIG. 5A, like reentrant slots 54, boxes, in a warehouse setting. 

reentrant slots 60 extend from inside surface 38 to opposite Referring to FIGS. 7-10, the test area is shown as a 

outside surface 46, through the body of deflector 30. pictorial array defining 0,5 meter square regions 90 repre- 

Moreover, reentrant slots 60 extend from outer peripheral 45 senting the top surfaces of the stacked commodities, sur- 

edge 58 of the deflector towards base area 48 by a radial rounded by flue regions 92, i.e., spaces between the stacked 

lengthL^, e.g., in the range ofabout 0.32 inch to about 0,42 commodities, e.g., about six inches wide. A discharging 

inch, and preferably about 0.37 inch. Reentrant slots 60 are sprinkler 94 is centrally located at point 96. The vertical 

preferably pear-shaped and extend into an intermediate distance between the sprinkler deflector and the top of the 

region 52, with a relatively wider end 64 of each reentrant 50 fluid collector area is 8 feet, 6 inches, 

slot 60 having a radius, r^ e.g., in the range of about 0.04 In each region there is shown a fluid density value 

inch to about 0,08 inch, and preferably about 0.06 inch. The representing the actual measured amount of fluid volume, in 

innermost, narrower end 66 of each slot 60, located rela- gallons per minute per square foot, falling within that region, 

tively closer to the deflector axis. A, than the wider portion The fluid density values are employed to determine 

64, has a radius, e.g., in the range of about 0.04 inch to 55 weighted average values of ADD (Actual Delivered 

about 0.06 inch, and preferably about 0.05 inch. ReenU-ant Density) over different regions of the array. Of particular 

slots 60 are angulariy spaced from each other in the range of interest is the region identified as "central core ADD" which 

between about 40** to 50° and preferably, as shown here, the represents a weighted average of the central sixteen square 

angular spacing is about 45°. Further, the generally regions 90 and the four flue regions surrounding point 96. 

triangular-shaped or, more specifically, pear-shaped reen- 60 Referring to FIG. 7, fluid density data collected using a 

trant slots 60 have a first width, D^, measured transversely conventional (prior art) deflector afl&xed to a 25.2 K-factor 

to the slot centerlines in a region of the peripheral edge 58, sprinkler with straight slots in a no-fire, water spray only 

in the range of about 0.08 inch to 0.10 inch, and preferably condition is shown. FIG. 8 shows the fluid density data 

about 0.09 inch, and a second width, D,^^, measured u-ans- collected using the same straight-slotted deflector design in 

versely to the slot centerlines in a region spaced inwardly 65 a 2,000 kw fire located dfrectly below the primary vertical 

from the peripheral edge, in the range of 0.16 inch to 0.20 axis of the discharging 25.2 K-factor sprinkler 94. The data 

inch, and preferably about 0.18 inch. shows that a substantial reduction in the collected densities 
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of file protection fluid occurs when the sprinkler is tested 
with a 2,000 kw fire. 

Referring to FIGS. 9 and 10, fluid density data collected 
using a 25.2 K-f actor fire protection sprinlder with a deflec- 
tor 30 in accordance with the invention is shown. In 
particular, FIG. 9 represents collected data in the no-fire, 
water spray only condition and FIG. 10 represents collected 
data in the 2,000 kw fire condition. The aforementioned tests 
were conducted under identical pressure and flow condi- 
tions. Of particular interest is the substantial increase in 
center core ADD provided by the sprinkler having the 
deflector 30 of the invention, as compared to the conven- 
tional straight-slotted deflector. Moreover, this increase in 
center core ADD perfonnance is achieved with substantially 
no sacrifice in performance at peripheral regions. 

Another type of water distribution test, the so-called "10 
Pan Distribution Test," such as that described in the Apr. 8, 
1997, edition of UL 199, Standard for Automatic Sprinklers 
for Fire-Protection Service, provides another means for 
describing the benefit of use of reentrant slots and, in 
particular, the reentrant slots 60 of the deflector of this 
invention. Referring to FIG. 30.1 of the ^ril 8, 1997 edition 
of UL 199, with a 25.2 K-f actor conventional (prior art) 
sprinkler having straight slots and in a nofire, water spray 
only condition, an average water density of about 0.S2 25 
gallons per minute per square foot was measured in the 1 
foot long by 1 foot wide pan centered at a 3 foot radius from 
the primary vertical axis of the sprinkler when it was flowing 
100 gallons per minute. By comparison, with a 25.2 K-f actor 
fire protection sprinkler having a defleaor 30 in accordance 
with the invention, an average water density of about 1.3 
gallons per minute per square foot was measured in the 1 
foot long by 1 foot wide pan centered at a 3 foot radius from 
the primary vertical axis of the sprinkler when it was flowing 
100 gallons per minute. 

Other embodiments are within the following claims. 

For example, the outlet 18 may have a non-circular 
cross-section. The sprinkler 10 may have a K-factor in the 
range of about 8.0 to 50.0, preferably in the range firom about 
14.0 to 30.0, more preferably in the range of about 22.0 to 
about 28.0, and most preferably the K-factor is about 25.0. 

Deflectors of the invention having one group of reentrant 
slots, e.g. slots 27 of deflector 21 (FIG. 3), may have slots 
of different lengths. In deflectors of the invention having two 
groups of reentrant slots, e.g. slots 54, 60 of deflector 30 
(FIG. 5), slots within each group of slots may also have 
different lengths, and/or a third set of reentrant slots or holes 
may be employed to provide a different spray pattern. In 
deflectors of the invention having three groups of reentrant 
slots, the slots may be arranged in a pattem such as abcbab- 
cba. The numbers of reentrant slots in each group also may 
vary. Moreover, the slots need not extend radially to the 
periphery of the deflector but may be provided in non-radial 
arrangements. 

The peripheral edge 58 of the outer area 50 of the 
deflector 30 may define ridges in the radial outward direc- 
tion fi-om the deflector axis. Although deflector 30 is 
described above as a plate-like member, the deflector need 
not be flat but may, e.g., be wavy or frusto-conical in shape. 
The deflector 30 may also have variations in the shape and 
dimensions of the reentrant slots 60 through the intermediate 
region 52 of the deflector inner surface 38, e.g., referring 
also to FIG. 5A, in length, Lj, radius, r„, and/or radius, r^, 
and/or radial spacing, X, from the deflector axis, A. Frame 
arms 22, 24 can have a wide variety of shapes, mounting or 
support arrangements, e.g., the deflector 30 may be posi- 
tioned inside, rather than outside, frame arms 22, 24, and the 
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frame arms may be afiSxed to the deflector 30, rather than to 
the apex element 26. 

The apex element 26 need not be generally conically- 
shaped, as shown in RG. 2, but may be curved in the 
direction of the orifice axis, e.g., to achieve specific water 
distribution objectives. Opposing vertical sides of the reen- 
trant slots may not be identical. 

All of the above are applied without departing from the 
spirit and scope of this invention. 

What is claimed is: 

1. A pendent-type fire protection sprinkler comprising: 

a sprinkler body defining an orifice and an outlet for 
delivering a flow of fluid from a source, 
said orifice defining an orifice axis, and 
said outlet being disposed generally coaxial with said 
orifice axis, 

at least one arm extending from said sprinkler body, 
an apex element supported by said at least one arm, with 

said apex axis being generally coaxial with said orifice 

axis, and 

a deflector mounted to said apex element, said deflector 
having a deflector body defining a first, inside surface 
opposed to the flow of fluid and an opposite, second 
surface, and having a deflector axis generally coaxial 
with said orifice axis, 

said deflector body defining at least one pair of generally 
opposing reentrant slots extending through said deflec- 
tor body, from said first, inside surface to said second, 
outside surface, with slot openings at an outer periph- 
eral edge of said deflector body, said reentrant slots 
extending inwardly from said peripheral edge, along 
reentrant slot centerlines, generally toward said deflec- 
tor axis, 

said reentrant slots having a first width transverse to said 
slot centerlines in a region of said peripheral edge and 
a second width transverse to said slot centerlines in a 
region spaced inwardly, toward said deflector axis, 
relative to the region of said peripheral edge, said 
second width being greater than said first width, 

the innermost portions of said reentrant slots extending 
inwardly toward said deflector axis to be no further 
outward from said deflector axis than the outermost 
surface of said apex element. 

2. The pendent-type fire protection sprinkler of claim 1, 
wherein said innenmost portions of said reentrant slots 
extend inwardly toward said deflector axis to underlie said 
apex element, relative to the flow of fluid. 

3. The pendent-type fire protection sprinkler of claim 1, 
wherein said slot centerlines extend radially outward from 
said deflector axis. 

4. The pendent-type fire protection sprinkler of claim 1, 
wherein the thickness of said deflector body from said inside 
surface to said outside surface is equal to or greater than 
about 0.06 inch. 

5. The pendent-type fire protection sprinkler of claim 4, 
wherein the thickness of said deflector body from said inside 
surface to said outside surface is equal to or greater than 
about 0.075 inch. 

6. The pendent-type fire protection sprinkler of claim 5, 
wherein the thickness of said deflector body from said inside 
surface to said outside surface is equal to or greater than 
about 0.09 inch. 

7. The pendent- type fire protection sprinkler of claim 1, 
wherein said deflector has an outside diameter of equal to or 
greater than about 1.00 inch. 

8. The pendent-type fire protection sprinkler of claim 7, 
wherein said deflector has an outside diameter equal to or 
greater than about 1.50 inches. 
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9. The pendent-type fire protection sprinkler of claim 8, 14. The pendent-type fire protection sprinkler of claim 13, 
wherein said deflector has an outside diameter equal to or wherein said reentrant slot centerlines of said reentrant slots 
greater than about 1.75 inches. of said first type extend substantially radially outward from 

10. The pendent-type fire protection sprinkler of claim 1, said deflector axis. 

4 or 7, wherein adjacent said reentrant slots are spaced at an 5 ^5. The pendent-type fire protection sprinkler of claim 14, 

angle in a range of between about 40** and 50°. wherein said reentrant slot centerlines of said reentrant slots 

11. The pendent-type fire protection sprinkler of claim 10, said second type extend substantially radially outward 
wherein adjacent said reentrant slots are spaced at an angle deflector axis. 

of about 45°. 16- The pendent-type fire protection sprinkler of claim 12, 

12. A pendent-type fire protection sprinkler comprising: lo therein said reenUrant slots of said first type comprise at 

a sprinkler body defining an orifice and an outlet for ^'"fT^/'ilH/ '"^"^ll* • i. 

delivering a flow of md from a source, 17^The pendent-type fire protecUon sponger of claim 12 

ea.M A^fi • ^ ^jj. -j^g^ wherem said reentrant slots of said second type 

^ H Z^^u f T '""n' ^ - K ^^P^ 1^^^ g^^^^^y opposing reent^ 

said outlet being disposed generally coaxial with said giots. j ft- & 

orifice axis, 15 jg jhe pendent-type fire protection sprinkler of claim 12, 

at least one arm extending from said sprinkler body, wherein said first type length of each of said plurality of said 

an apex element supported by said at least one arm, with reentrant slots of said first type is substantially the same, 

said apex axis being generally coaxial with said orifice 1^*- The pendent-type fire protection sprinkler of claim 12, 

axis, and wherein said second type length of each of said plurality of 

a deflector mounted to said apex element, said deflector reentrant slots of said second type is substantially the 
having a deflector body defining a first, inside surface 

opposed to the flow of fluid and an opposite, second pendent-type fire protection sprinkler of claim 1 

surface, and having a deflector axis generally coaxial wherein said reentrant slots of said first type define a 

with said orifice axis, reentrant portion having an elongated shape. 

said deflector body defining a plurality of reentrant slots ^ Pendeni-type fire protection sprinkler of claim 20, 

said plurality of reentrant slots comprising at least a ^herem said second width of said first type reentrant slots is 

first type of reentrant slots and a second type of «i the range of about 0.13 mch to about 0.17 inch, and said 

reentrant slots yndih of said first type reentrant slots is in the range of 

the reentrant slot^ofsaid first type extending through said about a08 inch to about 0.10 inch, 

deflector body, from said firVt, inside surface I said 22. The pendent-type fire protection spnnkler of claun 

second, outside surface, with slot openings at an outer '^^f^' ^lots of said second type define a 

peripheral edge of said deflector body, said reentrant '"^TZ^^!^Z^^^^^ pear-shape. 

slots of said first type extending inwardly from said P^^^^^^-tyP^ fire protection spniikler of claim 22, 

peripheral edge, along reentrant slot centerUnes, gen- "^^^^^ Tk ^"^/yP^^^f^^^^^^Jt 

eraOy toward said deflector axis, to a first type kngth, '^^f f ""^T ^'^t ^'^^ '""'^^ 

o,,vi «-„t««f 1 * f -J £ . * I. - r • , . first width of said second type reentrant slots is in 

fr/n^i^ .o f H T T '^"""'^ ' 7"^'^. ^^g^ °f 0.08 inch to abom 0.10 inch. 

neTh.^ H lu, ' ?^ 24. The pendent-type fire protection sprinkler of claim 12 

peripheral edge and a second width transverse to said 14 u . 

oi«i - J • , - , or 14, wherem the angular spacing between adiacent reen- 

slot centerhnes in a region spaced inwardly, toward said tro«t d^tc «f ^ • • u ^^.o 
H«fl»^t^^ • 1 * iiT r - J . , 40 trant slots or said first type IS in a range between about 40 

deflector axis, relative U) the region of said penpheral and 50** 

edge, the second said width of said first type slots being tk« « -ii ri-^^ 

^rZ^t^r fu 4^ 4 -J -j.u r • J i . iouwii^ 25. rhe pendent-type fire protection spnnkler of claim 24, 

greater than the first said width of said first type slots, . u • 1 ■ ^ . u""^-*, 

' wherein the angular spacing between adjacent reentrant slots 

r . r of said first type is about 45°. 

the reentrant slot^ of said second type also extending 45 26. The pendent-type fire protection sprinkler of claim 12, 

through said deflector body, from said first, mside 15 or 23, wherein the angular spacing between adjaceni 

surface to said second, outside surface, with slot open- reentrant slots of said second type is in a range between 

mgs at said penpheral edge of said deflector body, said about 40° and 50° 

reentrant slots of said second type extending inwardly 27. The pendent-type fire protection sprinkler of claim 26, 
from said peripheral edge, along reemrant slot 50 wherein the angular spacing between adjacent reentrant slots 

centerhnes, generally toward said deflector axis, to a of said second type is about 45°, 

^cond type length, 28. The pendent-type fire protection sprinkler of claim 12, 

said reenu-ant slots of said second type having a first width wherein said reentrant slots of said second type are located 

transverse to said slot centerhnes in a region of said intermediate to said reentrant slots of said first type and the 
penpheral edge and a second width transverse to said 55 angular spacing between adjacent reentrant slots is in a 

slot centerhnes m a region spaced inwardly, toward said range of between about 20° and 25°. 

deflector axis, relative to the region of said peripheral 29. The pendent-type fire protection sprinkler of claim 28, 

edge, the second said width of said second type slots wherein the angular spacing between adjacent reentrant slots 

being greater than the first said width of said second is about 22.5°. 

type slots, and 60 30, The pendent-type fire protection sprinkler of claim 12, 

the innermost portions of said reentrant slots of said first wherein the thickness of said deflector body from said inside 

type extending inwardly toward said deflector axis to surface to said outside surface is equal to or greater than 

be no further outward from said deflector axis than he about 0.060 inch. 

outermost surface of said apex element. 31, The pendent-type fire protection sprinkler of claim 30, 
13. The pendent-type fire protection sprinkler of claim 12, 65 wherein the thickness of said deflector body from said inside 

wherein said first type length is equal to or greater than said surface to said outside surface is equal to or greater than 

second type length. about 0.075 inch. 
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32. The pendent-type fire protection sprinkler of claim 31, 
wherein the thickness of said deflector body from said inside 
surface to said outside surface is equal to or greater than 
about 0.09 inch. 

33. The pendent-type fire protection sprinkler of claim 12, 
wherein the deflector has an outside diameter equal to or 
greater than about l.QO inch. 

34. The pendent -type fire protection sprinkler of claim 33, 
wherein said deflector has an outside diameter equal to or 
greater than about 1.50 inches. 

35. The pendent -type fire protection sprinkler of claim 34, 
wherein said deflector has an outside diameter equal to or 
greater than about 1 .75 inches, 

36. A pendent-type fire protection sprinkler comprising; 
a sprinkler body defining an orifice and an outlet for 

delivering a flow of fluid firom a source, 
said orifice defining an orifice axis, and 
said outlet being disposed generally coaxial with said 
orifice axis, 

at least one arm extending from said sprinkler body, 
an apex element supported by said at least one arm, with 

said apex axis being generally coaxial with said orifice 

axis, and 

a deflector moimted to said apex element, said deflector 
having a deflector body defining a first, inside surface 
opposed to the flow of fluid and an opposite, second 
surface, and having a deflector axis generally coaxial 
with said orifice axis, 

said deflector body defining at least one pair of generally 
opposing reentrant slots extending through said deflec- 
tor body, from said first, inside surface to said second, 
outside surface, with slot openings at an outer periph- 
eral edge of said deflector body, said reentrant slots 
extending inwardly from said peripheral edge, along 
reentrant slot centerlines, generally toward said deflec- 
tor axis, 

said reentrant slots having a first width transverse to said 
slot centerlines in a region of said peripheral edge and 
a second width transverse to said slot centerlines in a 
region spaced inwardly, toward said deflector axis, 
relative to the region of said peripheral edge, the second 
width being greater than the first width, wherein the 
thickness of said deflector body from said inside sur- 
face to said outside surface is equal to or greater than 
about 0.06 inch. 

37. The pendent-type fire protection sprinkler of claim 36, 
wherein the thickness of said deflector body from said inside 
surface to said outside surface is equal to or greater than 
about 0.075 inch. 

38. The pendent-type fire protection sprinkler of claim 37, 
wherein the thickness of said deflector body from said inside 
surface to said outside surface is equal to or greater than 
about 0.09 inch. 

39. The pendent-type fire protection sprinkler of claim 36, 
wherein said innermost portions of said reentrant slots 
extend inwardly toward said deflector axis to be no further 
outward from said deflector axis than the outermost surface 
of said apex element, relative to the flow of fluid. 

40. The pendent-type fire protection sprinkler of claim 36, 
wherein said slot centerlines extend radially outward from 
said deflector axis. 

41. The pendent-type fire protection sprinkler of claim 36, 
wherein said deflector has an outside diameter equal to or 
greater than about 1.00 inch. 

42. The pendent -type fire protection sprinkler of claim 41, 
wherein said deflector has an outside diameter equal to or 
greater than about 1.50 inch. 
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43. The pendent-type fire protection sprinkler of claim 42, 
wherein said deflector has an outside diameter equal to or 
greater than about 1.75 inches. 

44. The pendent-type fire protection sprinkler of claim 36 
or 41, wherein adjacent said reentrant slots are spaced at an 
angle in a range of between about 40** and 50°. 

45. The pendent-type fire protection sprinkler of claim 44, 
wherein adjacent said reentrant slots are spaced at an angle 
of about 45*". 

46. The pendent-type fire protection sprinkler of claim 1, 
12 or 36, wherein said orifice has a K-f actor in the range of 
from about 8.0 to 50.0. 

47. The pendent-type fire protection sprinkler of claim 46, 
wherein said orifice has a K-f actor in the range of from about 
14.0 to 30.0. 

48. The pendent- type fire protection sprinkler of claim 47, 
wherein said orifice has a K-factor of about 25.0. 

49. The pendent-type fire protection sprinkler of claim 5, 

31 or 37, wherein said orifice has a K-factor in the range of 
from about 8.0 to 50.0. 

50. The pendent-type fire protection sprinkler of claim 49, 
wherein said orifice has a K-factor in the range of from about 
14.0 to 30.0. 

51. The pendent-type fire protection sprinkler of claim 50, 
wherein said orifice has a K-factor of about 25.0. 

52. The pendent-type fire protection sprinkler of claim 6, 

32 or 38, wherein said orifice has a K-factor in the range of 
from about 8.0 to 50.0. 

53. The pendent-type fire protection sprinkler of claim 52, 
wherein said orifice has a K-factor in the range of from about 
14.0 to 30.0. 

54. The pendent-type fire protection sprinkler of claim 53, 
wherein said orifice has a K-factor of about 25.0. 

55. A pendent-type fire protection sprinkler comprising: 
a sprinkler body defining an orifice and an outlet for 

delivering a flow of fluid from a source, 
said orifice defining an orifice axis, and 
said outlet being disposed generally coaxial with said 
orifice axis, 

at least one arm extending from said sprinkler body, an 
apex element supported by said at least one arm, with 
said apex axis being generally coaxial with said orifice 
axis, and 

a deflector motmted to said apex element, said deflector 
having a deflector body defining a first, inside surface 
opposed to the flow of fluid and an opposite, second 
surface, and having a deflector axis generaUy coaxial 
with said orifice axis, 

wherein, when said sprinkler is tested in accordance with 
the "Ten Pan Distribution Test" described in the Apr. 8, 
1997, edition of UL 199, Standard for Automatic Sprin- 
klers for Fire Protection Service, at a flowing water rale 
of 100 gallons per minute, an average water density of 
equal to or greater than about 1.00 gallons per minute 
per square foot is delivered for collection into a one 
foot long by one foot wide pan centered at a three foot 
radius from said orifice axis. 

56. The pendent-type fire protection sprinkler of claim 55, 
wherein an average water density of equal to or greater than 
about 1.15 gallons per minute per square foot is delivered for 
collection. 

57. The pendent-type fire protection sprinkler of claim 56, 
wherein an average water density of equal to or greater than 
about 1.30 gallons per minute per square foot is dehvered for 
collection. 

58. The pendent-iype fire protection sprinkler of claim 55, 
wherein said orifice has a K-factor in the range of from about 
8.0 to 50.0. 
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59. Tbe pendent-type fire protection sprinkler of claim 58, 
wherein said orifice has a K-factor in the range of from about 
14.0 to 30.0. 

60. The pendent -type fire protection sprinkler of claim 59, 
wherein said orifice has a K-factor of about 25.0. 

61. The pendent-type fire protection sprinkler of claim 55, 
wherein said deflector has an outside diameter equal to or 
greater than about 1.00 inch. 

62. The pendent-type fire protection sprinkler of claim 61, 
wherein said deflector has an outside diameter equal to or 
greater than about 1.50 inch. 

63. The pendent-type fire protection sprinkler of claim 62, 
wherein said deflector has an outside diameter equal to or 
greater than about 1.75 inches. 

64. The pendem-lype fire protection sprinkler of claim 55, 
wherein the thickness of said deflector body from said inside 
surface to said outside surface is equal to or greater than 
about 0.060 inch. 

65. The pendent-type fire protection sprinkler of claim 64, 
wherein the thickness of said deflector body from said inside 
surface to said outside surface is equal to or greater than 
about 0.075 inch. 

66. The pendent-type fire protection sprinkler of claim 65, 
wherein the thickness of said deflector body from said inside 
surface to said outside surface is equal to or greater than 
about 0.09 inch. 

67. A pendent-type fire protection sprinkler comprising: 
a sprinkler body defining an orifice and an outlet for 

delivering a flow of fluid fi-om a source, 
said orifice defining an orifice axis, and 
said outlet being disposed generally coaxial with said 
orifice axis, 

at least one arm extending from said sprinkler body, 
an apex element supported by said at least one arm, with 

said apex axis being generally coaxial with said orifice 

axis, and 

a deflector mounted to said apex element, said deflector 
having a deflector body defining a first, inside surface 
opposed to the flow of fluid and an opposite,, second 
surface, and having a deflector axis generally coaxial 
with said orifice axis, 

said fire protection sprinkler adapted, upon impingement 
of a flow of fire-retardant fluid upon said deflector, to 
distribute the fire-retardant fluid over an area to be 
protected from fire, said area being generally confined 
within a spray pattern of said fire protection sprinkler, 
said spray pattern comprising at least three portions 
defined radially from a central axis of said fire protec- 
tion sprinkler, a first said portion being most radially 
central, a second said portion being more radially 
distant, and a third said portion being most radially 
remote, aU with respect to said central axis, said fire 
retardant fluid being distributed by said fire protection 
sprinkler in a specific space quantity relationship in 
each of said portions such that said spray pattern is 
specifically adapted for fire suppression, wherein said 
first portion receives the relatively greatest quantity per 
unit area of fire retardant fluid within said spray pattern, 
said second portion receives a greater quantity per unit 
of fire retardant fluid within said spray pattern than said 
third portion, and said second portion is segregated into 
adjacent zones of different concentrations of fire retar- 
dant fluid. 

68. A deflector of the type used with a fire protection 
sprinkler, said deflector comprising: 

a generally flat, plate-like body member having a deflec- 
tor axis and defining: 
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an inner surface opposed to flow of fluid from an outlet 

of a sprinkler, 
an opposite, outer surface, 

a mounting region disposed along the deflector axis and 
configiu:ed for connection to a sprinkler, 

a first plurality of re-enU-ant slots, each re-entrant slot 
of said first plurality of re-entrant slots extending 
from said inner surface to said outer surface and 
having a first slot length extending radially inward 
from a peripheral edge of said body member and 
toward said deflector axis, 

a second plurality of re-entrant slots, each re-entrant 
slot of said second plurality of re-entrant slots 
extending from said inner surface to said oiiter 
surface and having a second slot length extending 
radially inward from a peripheral edge of the deflec- 
tor and toward said deflector axis, each re-entrant 
slot of said second plurality of re-entrant slots posi- 
tioned between adjacent re-entrant slots of said first 
pliu-ality of re-entrant slots, said second slot length 
being relatively less than said first slot length. 

69. The deflector of claim 1 wherein the first plurality of 
re-entrant slots includes at least four re-entrant slots. 

70. The deflector of claim 69 wherein the second plurality 
of re-entrant slots includes at least four re-entrant slots. 

71. The deflector of claim 68 wherein the first plurality of 
re-entrant slots have an elongated shape. 

72. The deflector of claim 68 wherein the second pliirality 
of re-entrant slots are pear-shaped. 

73. The deflector of claim 72 wherein each of the second 
plurality of re-entrant slots has a first, relatively wider end 
and a second, relatively narrower end, said first, relatively 
wider end being relatively farther from said central axis than 
said second, relatively narrower end. 

74. The deflector of claim 73 wherein said first, relatively 
wider end has a radius in the range of about 0.08 inch to 
about 0.10 inch, and said second, relatively narrower end has 
a radius in the range of about 0.04 inch to about 0.05 inch, 

75. The deflector of claim 68 wherein the angular spacing 
between adjacent ones of the first plurality of reentrant slots 
is in a range between about 40° and 50°, 

76. The deflector of claim 75 wherein the angular spacing 
between adjacent ones of the first plurality of reentrant slots 
is about 45**. 

77. The deflector of claim 76 wherein the angular spacing 
between adjacent ones of the second plurality of reentrant 
slots is in a range between about 40'' and 50**. 

78. the deflector of claim 77 wherein the angular spacing 
between adjacent ones of the second plurality of reentrant 
slots is about 45°. 

79. The deflector of claim 68 wherein the plate-like body 
member has a thickness greater than about 0.060 inch. 

80. The deflector of claim 68 wherein the plate-like body 
member has a diameter greater than 1.0 inch. 

81. A fire protection sprinkler comprising: 

a body defining an orifice and an outlet for flow of fluid 
from a source, 

said orifice defining an axis, and 
said outlet being disposed generally coaxial with said 
orifice, and 

a deflector disposed generally coaxial with said axis of 
said orifice and positioned for impingement of the flow 
of fluid thereupon, said deflector defining: 
an inner surface opposed to flow of fluid from said 
outlet, 

an opposite, outer surface, 

a first plurality of re-entrant slots extending from said 
inner surface to said outer surface, each re-entrant 
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slot of said first plurality of re-entrant slots having a 
first slot length extending radially inward from a 
peripheral edge of the deflector and toward the axis 
of the orifice, 

a second plurality of re-entrant slots extending from 5 
said inner surface to said outer surface, each 
re-entrant slot of said second plurality of re-entrant 
slots having a second slot length extending radially 
inward from a peripheral edge of the deflector and 
toward the axis of the orifice, each re-entrant slot of lo 
said second plurality of re-entrant slots positioned 
between adjacent re-entrant slots of said first plural- 
ity of reentrant slots, said first slot length being 
relatively greater than said second slot length. 

82. The fire protection sprinkler of claim 81 wherein the 15 
first plurality of re-entrant slots includes at least four 
re-entrant slots. 

83. The fire protection sprinkler of claim 82 wherein the 
second plurality of re-entrant slots includes at least four 
re-entrant slots. 20 

84. The fire protection sprinkler of claim 81 wherein the 
first plurality of re-entrant slots have an elongated shape. 

85. The fire protection sprinkler of claim 81 wherein the 
second plurality of re-entrant slots are pear-shaped. 

86. The fire protection sprinkler of claim 85 wherein each 25 
of the second plurality of re-entrant slots has a first, rela- 
tively wider end and a second, relatively narrower end, said 
first, relatively wider end being relatively closer to said 
central axis than said second, relatively nanower end, 

87. The fire protection sprinkler of claim 19 wherein said 30 
first, relatively wider end has a radius in the range of about 
0.08 inch to about 0.10 inch, and said second, relatively 
narrower end has a radius in the range of about 0.04 inch to 
about 0.05 inch. 

88. The fire protection sprinkler of claim 81 wherein the 35 
angular spacing between the first plurality of re-entrant slots 
and the second plurality of re-entrant slots is in a range 
between about 40** and 50°. 

89. The fire protection sprinkler of claim 88 wherein the 
angular spacing between the first pltu-ality of reentrant slots 40 
and the second plurality of re-entrant slots is about 45°. 

90. The fire protection sprinkler of claim 89 wherein the 
angular spacing between the first plurality of re-entrant slots 



and the second plurality of re-entrant slots is in a range 
between about 40" and 50°. 

91. The fire protection sprinkler of daim 20 wherein the 
angular spacing between the first plurality of re-entrant slots 
and the second plurality of re-entrant slots is about 45°. 

92. The fire protection sprinkler of claim 81 wherein the 
plate -like body member has a thickness greater than about 
0.060 inch. 

93. Hie fire protection sprinkler of claim 81 wherein the 
plate-like body member has a diameter greater than 1.0 inch. 

94. A fire protection sprinkler comprising: 

a body defining an oriJfice and an outlet for flow of fluid 
fi-om a som-ce, 

said orifice defining an axis, and 
said outlet being disposed generally coaxial with said 
orifice, 

an apex member positioned along the axis and below the 
outlet, and 

a deflector disposed generally coaxial with said axis of 
said orifice and positioned beneath the apex member 
for impingement of the flow of fluid thereupon, said 
deflector defining: 

an inner surface opposed to water flow from said outlet, 
an opposite outer surface, and 

a plurality of re-entrant slots extending firom said inner 
surface to said outer surface and having a slot length 
extending radially inward from a peripheral edge of 
the deflector and toward the axis of the orifice, a 
most radially inward portion of the re-entrant slots 
extending within the outer periphery of the apex 
member. 

95. The fire protection sprinkler of claim 94 wherein the 
plurality of re-entrant slots includes at least four re-entrant 
slots. 

96. The fire protection sprinkler of claim 94 wherein the 
angular spacing between adjacent ones of the plurality of 
re-entrant slots is in a range between about 40° and 50° 

97. The fire protection sprinkler of claim 94 wherein the 
plate-like body member has a thickness greater than about 
0.060 inch. 

98. The fire protection sprinkler of claim 94 wherein the 
plate -like body member has a diameter greater than 1.0 inch. 
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[57] ABSTRACT 

An upright-type fire protection sprinkler with a body defin- 
ing an orifice and outlet for flow of fluid, and a deflector 
positioned coaxial with the outlet for impingement of fluid 
flow thereupon, has one or a combination of the following 
features for improved performance. The deflector may have 
an inner surface with a recessed central area, and a recessed 
redirecting area about the central area at a predetermined 
acute angle and axial oflkel thereto. The deflector has tines 
with inner surfaces inclined towards the ouUet, at lea^ a first 
set of lines disposed in planes at about 45'' to a first plane of 
sprinkler frame arms, the surfaces of the first set of tines 
bemg incUned at an angle relatively more outward from the 
axis than the angle of inner surfaces of adjacent tines. The 
tines may include a second set of tines in a plane perpen- 
dicular to the first plane, and a third set of tines in the first 
plane, inner surfaces of the second set of tines having a 
second set width and inner surfaces of the third set of tines 
having a third set width about 0.15 to 0.65 times the second 
set width. The second set width may be substantially greater 
than widths of inner surfaces of all other tines. 

35 Clauns, 7 Drawing Sheets 
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DEFLECTOR FOR UPRIGHT-TYPE FIRE preferably about 0.40 limes the predetermined second set 

SPRINKLERS width. Preferably, the predetermined second set width is 

BACKGROlJlsm nc THc iMvrKmriM ^^'^^ predetennined third set width is 

J3ACKOKOUND OF THE INVENTION about 0.060 inch. The plurality of tines comprises a second 

The invention relates to fire protection sprinklers ^ i®' °^ disposed generally in a plane perpendicular to the 

An automatic fiie sprinkler has a bodv with an oudet thai ^ ^'^'"^^ °^ °^ 

is normally closed bv a^ ihrnW^LTL.i^- i u '■^'""S » predetermmed second set width, the predetermined 
rhlTi!:- . . . ."^ * P'"g. the plug bemg held in place by second width being substantially greater than widths of the 

llv I °r^'' ""^'^ ^ ^rf^'*^ of ^1 other If the Ju^a^y 7f les 

nonnaUy coincident w,th or just upstream of the ouUet. Preferably, the predetermined second width is about oTsO 
AutomaUc sprinklers of ihe upright type also have a inch. 

fr^i*,^"" n ''j^'"''"''"" 'J'^fl'^of that According to another aspect of the invention, an upright 

faces the ouUet. When a sufiScendy elevated temperature is fire protecuon sprinkler Emprises: a body aefiningTn 
sensed, a thermally responsive element which normally orifice and ouUet for flow of fluid from a source, a deflector 

't^ii • " P^^S, a 15 disposed generally coaxial with the ouUet and positioned for 

verUcaUy directed stream of water (downward for pendent impingement of the flow of fluid thereupon, and a pair of 

spnnUers arid upward for upright sprinklers) discharges frame arms extending from the body and disposed generafly 

from he oudet onfioe towards the deflector. Tlie water in a first plane including the axis, with die deflector mounted 

impacts and IS diverted generally radiafly downward and thereupon, die deflector comprising a phirality of tines 

outward by the deflector, breaking up into a spray pattern, ^ defining inner tine surfaces inclined towards the outlet the 

.onfi^rr tf®" * °^ P^^'^'^'y °f comprising a first set of tines disposed in 

configuration, die water bemg projected over die intended planes at about 45» to the first plane, the inner tine surfaces 

area of coverage, i.e.. the protected area. of die first set of tines being inclined at a first predetermined 

SUMMARY OF THE INVENTION ^'''"^'^ relatively more outward from die axis than a 

25 second predetermined angle of the inner tine surfaces of 

According in one aspect of the invention, an upright fire adjacent die lines, 

protection ^rinkler comprises a body defining an orifice and Preferred embodiments of diis aspect of the invention 

outlet for flow of fluid from a source, and a deflector may include one or more of the following additional fea- 

disposed generally coaxial widi the oudet and positioned for tures. Preferably, the firei predetermined angle is between 
unpingement of the flow of fluid thereupon, the deflector 30 about lO' to 45', preferably between about 22" to 33° and 

defining an mner surface opposed to water flow from die more preferably about 27°30'. fiirdier from the vertical'dian 

ouUet and an opposite outer surface, die inner surface die second predetermined angle. The deflector further 

debning: a central area about die axis, a redirecting area defines an inner surface opposed to water flow from the 

extendmg about die periphery of the central area at a outlet and an opposite outer surface, the inner surface 
predetermined acute angle and predetermined axial ofiEset 35 defining: a central area about die axis, a redirecting area 

diereto. relative to die horizontal, die redirecting surface extending about die periphery of the central area at a 

being essentially free of dirough openings from the inner predetermined acute angle and predetermined axial ofeet 

surface of the deflector to die opposite outer surface, and a diereto, relative to the horizontal, die redirecting surface 

base area radially outward of the redirecting area, die central being essentially free of through openings from the inner 
area and the redu-ecting area being recessed from the outlet 40 surface of the deflector to the opposite outer surface and a 

relative to the base area. base area radiaUy outward of the redirecting area, the Antral 

Preferred embodiments of this aspect of the invention area and the redirecting area being recessed from the ouUet 

may include one or more of the foUowing additional fea- relative to the base area. 

tures^ The predetermined acute angle is between about 10° According to anodier aspect of die invention, an upright 

10 45 preferably tetween about 22° to 32°, and more 45 fire protection sprinkler comprises: a body defining an 

preterably about 27 ^ The predetermined axial ofl&et is orifice and oudet for flow of fluid from a source, a deflector 

between about 0.030 inch and 0.210 inch, preferably disposed generally coaxial with the oudet and positioned for 

between about a090 inch and 0.150 inch, and more pref- impingement of the flow of fluid diereupon, and a pair of 

erably about 0.120 mch. The upright fire protection sprinkler frame arms extending from die body and disposed generaUy 

turdier comprises a pair of frame arms extending from die 50 in a first plane including the axis, widi die deflector mounted 

body and deposed generaUy in a first plane including die diereupon. the deflector comprising a plurahty of tines 

axis with the deflector mounted diereupon. die deflector defining inner tine surfaces inclined towards the oudet the 

turdier comprising a plurality of tines defining inner tine plurahty of tines comprising a second set of tines disposed 

surfaces mclmed towards die outlet Preferably, die inner generally in a plane perpendicular to the first plane and a 

Unesur aces of a first set oftmes disposed in planes at about 55 diird set of tines disposed in the first plane including the 

45 to die first plane are mclined at a first predetermined frame arms, the inner tine surfaces of die second set of tines 

angle which is relatively more outward flian a second having a predetermined second set widdl and the inner tine 

predetermmed angle of adjacent inner tine surfaces. More surfaces of die third set of tines having a predetermined third 

?no . CO P^e^ietermmed angle is between about set widdi, the predetermined third set widd: being about 0 15 

10 to 45 , preferably between about 22° to 33°. and more 60 to 0.65 times die predetermined second set vwdth 

Ltn?nLtr' 'JIT' ''^ r ^'''"^ embodiments of this aspect of the invention 

second predetermined angle. A second set of tines generaUy may include one or more of the foUowing additional fea- 

m a plane perpendicular to the first plane have a predeter- tures. The predetermined third set width i^ prefe ably £ut 

mined second set width and a diird set of tines in the first 0.30 to 0.50 times, and more preferably aboK4^t^^i, he 
Sl^nt^l ''""^.r/'^^^'^t^^^^ " predetermined second set Jdth. Preferably, the JSr! 

0 S til? f r Kl^'^^n'tl.'^^n^ ^""^ ^-^^ '^^"^ ^' ^'^^ ^ «bout 0.150 inch and die prede- 

0.65 imies, preferably about 030 to 0.50 times, and more temiined diird set widd. is about 0.060 inch The deKr 
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Srtne?^^' r 7^"^ "PP^r* '° i'^'^"' in accordance with the requirements of 

iefin?ni ,^ T "PP^"!""'*",^"^^'^^' inner surface theirlisting, the manufacturer's insUU alien in^ru^ns 

^t.'S''^:;.:^,':,^: LSI? r: £n^^"^"°" ^'^-^^^^ -^^-^ 

being essentiaJly &ee of through openings from Iht inner aZ,nTil=. k ^ «qu,remenls for the minimum 

surface of the deflector to the oppolte outer surface and a .T" « f 7^"^ ^ 

basearearadiaUyomwardofthe^SirectingLetSieUnJ^^ ' , t ' '^T'^^ ""^"^^ '^^ 

area and the redirecting area being recess^ from the^SS to f"^J' ^1"^° '^"y d'^a'gu'g water under specified 

relative to the base arw ^""""S (residual pressure) conditions. Water coUection may 

A™r,i.v,„ .11 .u . be measured both with and without the presence of fire 

Aocordmg to still another aspect of the invention, an jn addiUnn tn .k ■ • . 

upright fire protection ajrinkler comprises- a bodv defining addit on to meeUng the minimum water density 

an orifice a^d outlet for flow of fl^ from a so^e f 1^^'^^^°^' advantageous for fire sprinklers to spray 

deflector disposed generaUy coaxial witFtoe oXa'nd is !LT h • °f ™ P^^ble, whether 

portioned foT impmgement of the flow of fl^M S^^n' ^^XTof fitS.r^ n ^T' " """^ '° ^""''^ 

and a pair of frame aims extending from the body Vnd L fi , , fi^ Protection performance no matter where 

disposed generaUy in a firs, plane includTg The ax j v^U dm^X .^"""^/he Protected area. This is particularly 

the defleaor mounted thereu^,n, the deflector cor^pSi^ a ''^'T' designed for use 

plurality of tines defining'^er tine surfa^Sed 20 °f average areas from 14 ft by 14 ft to 20 ft 

towards the oudet, the plurality of tines comprising a second n, i. r u 

set of tines disposed generaUy in a plane perpendicular to the • , !°*P^/f '?« ^^ter spray pattern direcdy affects the 

first plane, the inner tine surfaces of the second set of tines °f ^ir in the vicinity of the discharging sprinkler, 

having a predetermined second set width, the predetermined l snaping the deflector so that water is directed primarily 
second width being substantially greater than widths of the 25 "diaUy outward m an umbreUa-shaped pattern, i.e., initiaUy 

inner tine surfaces of all other of the pluraUlv of tines pnerauy parallel to the ceiling under which the sprinkler is 

^^^.f^o^frorn^.ou,.^,ZZ:^^^ P^^si^rto^a^Sg ^m^ulJ^^^^^^ 

inner surface deflnmg: a central area about the axis, a Ai,.„„r, , T ., u . . 

redirecting area extending about the periphery of the central AirZ, T -\ I ^P""^. ^ 

area at a predetermined acute angle and predetermined axial Primarily downward in a more conical pattern, the 

ofiEset thereto, relative to the horizontal, the redirectine ^ ° i, 7 ^""^ entrained by the 

surface being essentially free of trough openings fro^S! downwardly directed water and "puUs" air in along the 

inner surface of the deflector to the o^osfte ouSr s^^ ceihng toward the sprinkler. This sets up a different overaU 

and a base area radially outward of the redirecting area, the V,r "J ,.^ ."^^ °" ^"^""^"^ P'°'«=- 

central area and the redirecting area being recessed from the . apphcation of the sprinkler, either spray and circulation 

ouUet relative to the base area "O pa"em, or a combination of the patterns, may be desired, 

. Preferredembodimentsofeachoftheaboveaspectsofthe a" ordLr' °' ^^'^^ 

invention may also include one or more of the foUowine rZL,.,- f u • 

additional features. The upright fire protection sprinkler ha! ,u ■ ^'^'P'^g ^Pray pattem, and hence 

a K-factor of at least 5 0,%ferably at leasT^ mo e '"l^ P^".^"'' f through the shape and arrangement 

preferably a. leas. 103, and stiU mo'e preferably at Teal fj^^^Zl'^V^'^'"'- tTJ^' P^"?''^'^ °' 

13.0. aenector. llie tmes of an upnght deflector, which are nor- 

WJth.r. tk. ,u , angled to face towards the outlet of the sprinkler tend 

Withm the past three years, the range of available fire to deflect water downwardly to fill in the arel teSh (he 

protecton products for automatic fire sprinkler systems has sprinkler. TTie angle, size aL shape of the tin^S^ 

aT.:r :r 4°x.S? '° "^"'^ ^0 nandy affect the7att;rn of the doXw^n^J^d^^cted^^^^^^ 

^rger or extended coverage" areas when the occupancy The water passing radially outward through the spaws or 

dIfiLTSi B S^LT^r."'^,"' "'Tc'^' "-""^"^ •''^ 'i"- predominSt^X o„t: 

aenned by Ni-PA 13, Standard for the Installation ofSprin- portion of the spray pattem 

kler Systems. These sprinklers are referred to as extended One of ih^ r.„r^.. r ,u- ■ 

coverage/ordinary hazard (ECOH) sprinklers In order to be ..k , . „ '^^T^ I ^^^^^o^ ^ to provide 

acceptable for instaUation Ller an^"Sn st^Sd liEe '"^f'^f ""Pf"^"* umformity of the water distribution 

NFPA 13. automatic fire sprinklers ^7^1^^ a £ £2 de^eaf "r*^' "vr °" T '^^ ^P'^^"' 

published by an organization acceptable to the local ^ decreasing the vanabihty m fire piotecUon perfor- 

emmental authority^having jurisdicC and meet ry adc^^ ZT " ' °' "^'"^ '""^ P^^'^'^'^ 

Uonal reqmrements specified in the installation standard. «, The v,n,h;n.-. f k -.j- 
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™!?n ^^^^ ^rinkler and understood principle that the much higher flow requirements 

prevenung Its proper or timely operation. If this erudition, for ECOH sprinklers require use Tf a sprinWeT^^ a 

known as "cold soldenng", occurs, it cx>uki lead to the fire waterway larger than that commonly usTfor stl^Jard 

ZS^^VI --"^^^f sprinkler, thereby coverage/ordinary hazard application ^rinklers 

mcreasmg the damage caused by the fire. ConsequenUy, 5 rh^ "n" . ^ ^ - xt ^ 

organizations which list sprinklers include a cold^ldering n.r^if {"^^.^^^^^''^u'T^ ^'^^ 

test in their product evaluation. ^^"^^ ^ determmed by the formula: 

Sprinklers listed for use with a maximum standard cov- (p)^ 
erage area of 130 ft^ for ordinary hazard classified 

occupancies, as defined by NFPA 13, are required to be able lo "^^^^^ ^presents the nominal sprinkler discharge 

to be located as close as 6 ft apart without the occurrence of coefficient, normally referred to as "K-factor", and "p" 

cold soldering. The maximum sprinkler spacing for the 130 represents the residual (flowing) pressure at the inlet to the 

ft^ coverage area is 10 ft by 13 ft. sprinkler in pounds per square inch (psi). In standard 

Id the case of an extended coverage sprinkler such- as an coverage/ordinary hazard applications, the most commonly 

ECOH upright type sprinkler, it is difficult to design a unit ^5 ^P^^is have K-f actors of about 5. 6 (standard orifice) 

which will not result in cold soldering at a spacing as low as °^ (large onfice). However, in extended coverage/ 

9 ft yet provide the umbrella shaped water spray pattern ""IT^Z o ^/ applications, sprinklers having K-factors of 

which is necessarily high enough and wide enough to allow , ^^""^'^ ^^^^ °'^^) ^^"^ (^^^y ^^^a large 

use of the sprinklers at a maximum spacing of 20 ft by 20 "^"^^^ commonly used 

ft (i.e., coverage area of 400 ft^ 20 ^ ^^S^r K-factors for ECOH applications 

An additional purpose of this invention is to provide an Sfr'S^'^f f ^^^^ ^^'"^^^ T^" 

upright type sprinkler deflector design which is capable of S^^^^^ wi^t' ^To' """"" ^""T'Z 

providing a 20 ft by 20 ft maximum spacing coverage ^ ^ ^ ^ P""^^'- '° ^^^^^n to 

capabiht; in combination with a mi^rum'^ac^^^^^^^^^ l^.^'f ^n^^^ T"? """^'^ ^^T'^^ ^^^^^^ 

ity of 9 ft without sacrifice of the desired uniformity of the ^ w t T '''' ^TF "^^^^ 

spray pattern over the entire protected area 'T ?^ T'l large sprinklers provides another well 

A . , y^^^^^^^^ drcd. understood advantage. That is, as the residual rflowina^ 

Another concern m the development of automatic fire pressure is lowered, there is an increaLrthe si2 o^^^^ 

spnnklers is providing the water distribution performance water droplets creat;d by the wat^r sTr^ emitted^ t 

nTSe't'Cr^^^^^ 30 sprii^er orifice striking\he sprinkler deflector^a^^^^^ 

any spnnlcier. As specified in NFPA 13, spnnklers having that portion of each sprinkler frame arm falling within the 
frame arms which is typical of the upright type, are to be water stream. Hiese larger water dro^etsTave^^^^^^^ 

He iTn "^'ATk'^ 'P^^^ momentum, which assists' in penetrationTthe upward d^^ 

to the pipe on which they are installed. which can be created by a'fire. In additionXhi^S 

It ttie spnnklers are installed m a square pattern (which 35 momentum water droplets can be deflected fiirther from the 

generally minimizes the number of sprinklers thai must be sprinkler, as desired for extended coverage perfonnance 

mstaUed to protect a large, relatively open space), the point capability. 

centered between the four sprinklers (i.e., 45'* from the plane It is noted that using ECOH sprinklers with hieher 

ot the frame amis) is ftirthest away from any of the sprin- K-factors is not necessarily an advantage in aU circum- 

klers. Ihe center point of this geometry is a distance of about 40 stances. For example, if the coverage area is 14 ft by 14 ft 

1.41 tmies one-half the sprinkler spacing away from any of and the commodity is rated as Ordinary Hazard Group 1 a 

me spnnklers. This is the worst case distance in terms of the minimum flow of only 29.4 gpm per sprinkler is required 

throw' necessary to ensure that sufficient water is dislrib- This would mean that the minimum required residual 

uted over the entire area to be protected, without spraying (flowing) pressure at the inlet of a 14.5 K-factor sprinkler 

water too far out in other areas. would be only 4.1 psi. Use of such a low pressure could be 

In this regard, it is also a feature of this invention to of concern with respect to ensuring that the operating parts 

provide increased water collection in the central portion of of the sprinkler are properly ejected when the thennaUy 

the protected area furthest from four sprinklers, such as the responsive element releases. This concern has been recog- 

ECOH upright type, installed in a square anay, without °ized by the National Fire Protection Association, and it is 

sacnfice of the desired unifonnity of the spray pattern over 50 expected that the 1996 edition of NFPA 13 will be revised 

the entire protected area. to require that all sprinkler systems be designed to operate 

Extended coverage/ordinary hazard rated sprinklers are sprinkler at a minimum residual (flowing) pressure of 7 

required to provide the same rates of water collection per P^^* 

unit area (i.e., density in terms of gpm/ft^ (gallons per- The features of the present invention may be used in 11.4 

minute/square foot) as standard coverage/ordinary hazard 55 ^^'^ K-factor upright ECOH sprinklers. However, the 

sprinklers, over the increased coverage area. NFPA 13 advantages provided are not limited to the higher K-factor 

requires that sprinklers provide an average density of either sprinklers and, for example, they could be used with nomi- 

0.15 gpm/ft^ or 0.20 gpm/fi^ over the coverage area, depend- ^'^ ^.0 K-factor sprinklers, 

ing on whether the commodity being protected is classified ^^^^^ feamres and advantages of the invention will be 

as Ordinary Hazard Group 1 or Ordinary Hazard Group 2, 60 ^PP^r^nt from the following description of a presently 

respectwely, assuming a sprinkler operation design area of prefened embodiment, and from the claims. 

1500 ft^ Thus, to cover the maximum aUowable standard T>r>TT^r^ r^r.^,^^ 

coverage area of 130 ft^ for Ordinary Hazard Group 2, a DESCRIPTION OF THE DRAWINGS 

minimum flow of 26 gpm per sprinkler over the sprinkler FIG. 1 is a side view of an upright fire protection sprinkler 

operation design area is required. However, to cover the 65 with a deflector of the invention- 

maxmium allowable extended coverage area of 400 ft^ per FIG. 2 is a side section view o/the body of the upright fire 

NFPA 13, 80 gpm is required. It is a namral and well protection sprinkler taken along the line 2-2 of HG. l; and 
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FIG. 3 is a top plan view of the deflector of the iovenlion large (extended coverage) areas, as compared to prior art 

on the upright fire protection sprinkler, taken along the line deflectors, as will now be described more fully. 

3—3 of FIG. 1. Referring to HGS. 1-9, when a water stream emitted 

FIG. 4 IS a top plan view of a blank for forming a deflector from the orifice 16 and through the sprinkler ouUel 14 strikes 

of the invention, prior to bending; and 5 the deflector mounting boss 26 and frame arms 28, 30 

FIG. 5 is a side section view of the blank, taken along the attached at either side of the deflector mounting boss, the 

line 5 — 5 of FIG. 4. water tends to break off (separate), and then impinge on the 

FIG. 6 is a side section view of the deflector, taken along deflector 22 in a pattern as schematically shown in FIG. 9. 

the line 6 — 6 of FIG. 3; As a result, there tend to be stronger velocity components 

FIG. 7 is a similar side section view of the deflector, taken perpendicular to and parallel to the plane, of the frame 

along the line 7 — 7 of FIG. 3; and ' ^™s> ^ shown by the direction of the arrows, W^. 

FIG. 8 is another side section view of the deflector, taken The effect of this non-uniform velocity profile is to 

along the line 8 — 8 of FIG. 3. produce a spray distribution pattern which is dominant 

FIG. 9 is a somewhat diagrammatic plan view of the ^5 (heaviest) in directions along the plane, P^, of the frame 

under-surface of a deflector of the invention showing spray ^ perpendicular to the plane, P^. The velocity 

regions. component at 45° to the plane of the frame arms tends to be 

FIG, 10 shows spray cfensities achieved in a test of an somewhat weaker. This creates a particular problem for 

upright fire protection sprinkler with a deflector of the ECOH sprinklers, since this area at 45° is furthest away from 

invention; and 20 sprinkler, when instaUed in a square array. 

FIG. 11 shows spray densities achieved in a test of the improve the uniformity of the velocity profile, the 

same upright fire protection sprinkler but with a deflector recessed redirecting surface 34 has been conceived. The 

which does not have the recessed central area of a deflector recessed redirecting surface surrounds the recessed central 

of this invention. ^rea 32 of the deflector 22 impinged by the water stream 

DESCRIPTION OF THE PREFFRRFn 25 discharged from the sprinkler orifice 16. This recessed 

Uh^CWPTlON OF redirecting surface 34 captures and redirects the water 

niVLtiULUMhNlb impinging upon it, thereby increasing the velocity compo- 

Referring to FIGS. 1-3, this invention concerns a fire nent at 45** to the plane, Pj^, of the frame arms 28, 30. The 

protection sprinkler device 10 of the upright type, including velocity components of the water spray in the directions 

a body 12 having an outlet 14 and an orifice 16, with a 3^ along the plane, Pj^-, of the frame arms and in the plane, P^ 

relcasable plug 18 normally closing the outlet and securing perpendicular thereto are, therefore, reduced. By this means, 

it in a sealed condition, a thermally responsive element 20 the overall uniformity of the water spray pattern over the 

normaUy retaining the plug 18 in the closed position, and a area to be protected by the sprinkler is improved substan- 

water distribution deflector 22 facing the orifice. The orifice tially. 

16 that determines the K-factor of the sprinkler is normally 35 The angle, A^, of the recessed redirecting surface 34 

located just upstream of the outlet 14. An upright type located around the perimeter of the recessed central area 32 

sprinkler 10 is one that is mstaUed in such a way that the of the deflector, is an imporUnt aspect of providing this 

water stream discharged from the ouUet 14, following ftmction. The recessed redirecting surface 34 should not be 

release of the thermally responsive element 20, is directed excessively vertical, because it wiU then direct too much of 

upwards against a distribution plate that is nonnafly referred 4^ the water directly downward. In addition, a recessed redi- 

to as a deflector 22, typically mounted to sprinkler mounting reeling surface 34 that is vertical could lend to capture one 

boss 26, supported by frame arms 28, 30. In the case of an or more of the operating parts of the sprinkler 10 which 

upnght type sprinkler of the standard spray variety, the might then be held by the water stream against the deflector 

deflector 22 redurects and distributes the water downward as surface, thereby obstmcting portions of the water distribu- 

weU as outward over the area to be protected. tion pattern. The depth, D^, of the recessed redirecting 

Adeflector22of the mvention for use with 11.4 and 14.5 surface is also important. An excessively deep recessed 

K-faclor upright fire protection sprinklers, e.g., of the type to redirecting surface 34 wUl tend to cause an excessive 

be sold by GrinneU Corporation, of Exeter, New Hampshire, . amount of water to be distributed directly beneath the 

under the Model F895 ECOH designation, is shown in FIG. sprinkler The recessed redirecting surface 34 of the inven- 

3 and in FIGS. 6-8. The deflector 22 is formed from a blank 50 tion has an angle, A^ in the range of about 10° to 45°, and 

24, shown in FIGS. 4 and 5. preferably about 22° to 32°, relative to the horizontal, ^d a 

Referring now also to FIGS. 6-8, the deflector 22 has an depth, D^, in the range of about 0.030 inch to 0.210 inch, 

inner surface 23 opposed to flow of water from the oudet 14 and preferably about 0.090 to 0.150 inch. In the preferred 

and an opposite, outer surface 25. The inner surface 23 of embodiment, the angle, A^, of recessed redirecting surface 

deflector 22 defines a central area 32 that is recessed, i.e. 55 is nominaUy 27° relative to the horizontal, and the depth, 

spaced further away, from the outlet 14 relative to a radially Dj^, is about 0.120 inch. This has been shown to function 

outwardly disposed base area 27 ofthe deflector surface, the ideally for both 11.4 and 14.5 K-factor orifice ECOH 

recessed central region 32 being disposed generaUy perpen- upright-type sprinklers. 

dicular to the axis, A, of the sprinkler body 12. A similariy Another feature of the deflector 22 of the invention 

recessed redirecting surface 34, essentially free of openings 60 involves minimizing ovcrspray from an operating sprinkler 

through to the outer surface 25 of the defector, surrounds the towards adjacent sprinklers. In a typical sprinkler system 

recessed central area 32 of the deflector 22, at a predetcr- installation, adjacent sprinklers are located on both perpen- 

mined angle, A^ and depth, D^, thereto, where it is dicular axes associated with planes P^, As a general case 

unpinged by the water stream discharged from the sprinkler experience has demonstrated that these directions are usu' 

ontice 16. 65 primary concern in terms of water spraying onto the 

The shape of the deflector 22 of the invention creates a thermally responsive element 20 of adjacent sprinklers (i.e., 

substantiaUy more uniform and optimized spray pattern for cold soldering). This is of particular concern with ECOH 
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sprinklers, since they are designed to spray further outward wide. Ay is 55°±3"' and is 2r*30'±l**30'. The outer surface 

than ordinary hazard classified standard coverage sprinklers. 25 of the deflector in the region 50 of the recessed central 

In the described invention, minimizing the possibility of area 32 has a flat inward region 52 having a diameter, O^, 

overspray from an operating sprinkler 10 towards adjacent e.g. about 0.44 inch, and an outward region 54 sloping 

sprinklers, along the ceiling, is accomplished by specifically 5 towards the sprinkler outlet at an angle, A^, e.g. about 

locating two pairs of tines, 40, 40* and 42, 42' positioned at 2**30'±1'' from the horizontal. 

the periphery of the deflector with inner surfaces inclined An outward distribution of water from the sprinkler is 

towards the outlet 14, and located respectively along the particularly important in the case where there is relatively 

directions in line with the plane, P^, of the frame arms and little clearance between the commodity and the sprinkler 
in the plane, perpendicular thereto. (Within the present jq deflector (as low as 18 inches is permitted by NFPA 13). (As 

state of the art, tines may or may not be positioned in these a matter of reference, downward distribution becomes more 

locations for commonly available upright-type sprinklers.) important with greater clearance between the sprinkler 

According to the invention, the width of the tines 42, 42' deflector and commodity, in order to ensure that sufiBcient 

located along the direction of the plane, Pj>, perpendicular to water is driven down into the fire plume. Thus, it is essential 

the plane of the frame arms 28, 30, and inclined toward the 25 these attributes be provided in the same 

outlet 14, have a predetermined width, e.g. from about sprinkler.) 

0.050 inch to 0.250 inch wide, preferably about 0.100 inch With larger coverage areas, a fire centered between four 

to 0.200 inch wide, and more preferably about 0.150 inch sprinklers can result in a somewhat slower thermaUy acti- 

wide. Tines 42, 42' located in these positions and having the vated release of ECOH sprinklers, as compared to sprinklers 

preferred width have been shown to effectively preclude 20 installed in accordance with standard coverage spacing 

overspray in the direction perpendicular to the plane of the requirements. This means that a fire may grow somewhat 

frame arms. The tines 40, 40* located along the plane, P^, of larger prior to sprinkler operation and that the associated fire 

the frame arms have a relatively smaller predetermined plume can generate greater upward velocity, which will tend 

width, Wjr, e.g. from about 0.15 to 0.65 times, and prefer- to lift the spray pattern and reduce penetration of water 

ably about 0.30 to 0,50 times, the width, Wj>, of the tines 42, 25 droplets onto the burning surfaces. Thus, if the deflector 

42' located along the direction of the plane, , of the frame provides a predominantly outwardly directed pattern at the 

arms. In the preferred embodiment, the predetermined 45° location, the spray pattern may be lifted to the point of 

width, W^, is about 0.40 times the width, W^, of the tines 42, reducing spray effectiveness. Consequently, it is necessary 

42' located along the plane, P^, of the frame arms, or about for water distribution characteristics of an ECOH sprinkler 

0.060 inch wide. The tines 40, 40' located in these positions 30 to be well balanced, both downwardly and outwardly, over 

cooperate with the frame arms 28, 30 to produce a spray the area to be protected. 

pattern which is not sprayed excessively far out in the Referring now to FIGS. 10 and 11, the effect of one 

direction of the plane, P^, of the frame arms. feature of a deflector 22 of the invention is illustrated. In 

Referring to FIGS. 7 and 8, another feature of the deflec- particular, the recessed redirecting surface 34 changes the 

tor 22 of the invention involves use of tines 44, 45, 46, 47 35 characteristics of the spray pattern from being dominant in 

positioned at the periphery of the deflector 22 and located at directions parallel and perpendicular to the plane, P^, of the 

45° to the plane, P^ of the frame arms. These tines provide frame arms 28, 30 to a pattern in which the density in the 

further control for optimizing distribution of water in these area located at 45** to the frame arms is substantially 

critical directions- By locating tines in these positions, and increased. 

by orienting them with inner surfaces inclined in a more 40 FIG. 10 represents the spray pattern for a 14.5 K-factor 

outward direction (i.e. away from vertical) than the inner sprinkler with a deflector 22 of the invention. The spray 

surfaces of other tines, more water can be distributed both density at an elevation of 3 ft below the deflector is shown, 

outwardly and downwardly in these directions. (Within the Each box represents a 1 ft^ area, with the numbers indicating 

present state of the art, it is customary to have all of the tines gallons per minute in that area. A quadrant of the pattern in 

of an upright-type sprinkler deflector oriented at the same 45 a 20 ft by 20 ft area is shown. Four sprinklers 10 spaced 20 

angle to vertical.) In the deflector of the invention, the inner ft apart are discharging at 60 gpm with the flow to the 

surfaces of tines 44, 45, 46, 47 are disposed at a predeler- sprinkler directed as shown in the figure. Nominal average 

mined angle, A^-, further from the vertical than the prede- density over the 20 ft by 20 ft area will be slightly higher 

termined angle, A^, of the inner surfaces of adjacent tines. In than 0.15 gpm/ft^ because of the lee effect. That is, water 

the preferred embodiment, the angular difference from the 50 passing from the pipe through the tee and orifice tends to 

vertical is about 10° to 45°, and preferably about 22° to 33°, bend slightly towards the direction from which the water is 

and more preferably about 27°30'. flowing and this tends to create slight non-uniformity in the 

According to one preferred embodiment, the deflector overall distribution pattern such that the area between four 

blank has an outer diameter of about 2.10 inches with a sprinklers receives more water than that expected if the 

diameter between tines of about 1.84 inches. After bending, 55 distribution is absolutely imiform. 

the diameter, Oj^, is about 1,92 inches, the outer diameter, HO. 11 represents the spray pattern for an identical 

at the tines 45° to the plane, P^, of the frame arms 28, sprinkler 10' to that represented by FIG. 10 except that the 

30 is about 1.99 inches, and the diameter, O^, between the deflector is flat. Tine location, size and angles are otherwise 

tines is about 1.76 inches. The diameter, 0^^, between the identical. Thus the differences in the distribution patterns 

bases of tines 44, 46 is about 1.84 inches and the same for 60 between FIG. 10 and FIG. 11 are due to the recessed 

the remainder of the twenty-four tines. The diameter, 0^^, redirecting surface 34 of the deflector represented by FIG. 

between the bases of tines 42, 42' is also about 1.84 inches. 10. In FIG. 10, note that the average spray density of 0.163 

The diameter, 0^, of the recessed central area 32 is about gpm/ft^ in the area at 45° to the frame arms is about 12% 

0.92 inch. The outer diameter, O^, of the recessed redirect- higher than that of 0.145 gpm/ft^ for the equivalent area in 

ing area 34 is about 1.35 inches. Tmes 44, 45, 46 and 47 are 65 FIG. 11. Thus, water from the areas perpendicular and 

about 0.074 inch wide. The remaining tines (excluding tines parallel to the frame arms has been redirected towards the 

40, 40* and 42, 42', discussed above) are about 0.060 inch central area of the pattern between four sprinklers. 
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It IS noted that UL requires that the central area, Q of the plurality of tines comprising at least a first set of tines and 

pattern must average 0.150 gpm/ft^ when tested in the a second set of tines. ^ ' "^"^ 

configuration of HCS. 10 and 11. Hius while the deflector 9. Jh^ upright fire protection sprinkler of claim 8 wherein 

with the redirecang surface 34 easily meets the UL said first set of lines are disposed in planes at about 45° to 

requirement, the flat deflector fails to meet the required 5 said first plane and including said axis, said inner tine 

surfaces of said first set of tines being inclined at a first 

It is noted that UL also conducts so-called 350 pound predetermined angle firom the horizontal, and, adjacent to 

wood crib fire tests with 7 foot, 6 inches of clearance ^^^^^ ^^t^t of tines, said plurality of tines further comprises 

between the sprinkler deflector and the top surface of the ^^^^ having said inner tine sxufaces inclined at a second 
wood crib. In this test, an n-heplane fuel burner is located ^0 predetermined angle from the horizontal, said first predeter- 

underaeath the wood crib and provides a fire of approxi- relatively more outward from said axis 

mately 2 megawatts which generates a strong upward second predetermined angle, 

plume. These tests are conducted between four sprinklers 10. The upright fire protection sprinkler of claim 9 

spaced in accordance with each coverage area for which the wherein said first predetermined angle is between about 10° 
sprinkler is to be UL Listed. The performance of the ECOH ^5 to 45° further from the vertical than said second predeter- 

upright-type sprinklers of the present invention was excep- ^^^^ ^"^le. 

lionaUy good in all of these test scenarios, upright fire protection sprinkler of claim 10 

Other embodiments of the invention are within the scope '^^'^'t'^^l.^ predetermined angle is between about 22° 

of the foUowing claims further from the vertical than said second predeter- 

What is claimed is: 20 angle. 

1. An upright fire protection sprinkler comprising a body l^Prig^^ fif protection sprinkler of claim U 
defining an orifice and outlet for flow of fluid from a sour J ^ ^'^yP"^"^^^^^^^^ angle is about 27°30' fur- 
said outlet having an axis, and a deflector disposed generally ^^'^'""^^^^ vertical than said second predetermined angle, 
coaxial with said outlet and positioned for impingement of u • ^^"^ protection sprinkler of claim 8 
the flow of fluid thereupon, 25 wherein a second set of tines generally in a plane perpen- 
said defiectnr Hpfimncr an ;nrw.r o,,^, J . dicular to said first plane have a predetermined second set 
It fr^^ n f •'^''^ 7^""^^ ^^^^^ ^'^^ ^ ^^'^ set of tines in said first plane including said 
i flow of tu^ h impingement fran^e arms has a predetermined third Lt S sa"d 

of fluid thereupon, and an opposite outer determined third set width being about 0.15 76.65 limL 
... * 30 said predetermined second set width. 

''IZl' u'^T "^'^"^^ u "P"g^^ P^^t^^^i°° ^rinkler of claim 13 

a generally planar central area about said axis, wherein said predetermined third set width is about 0 30 to 

a redirecting area extending about the periphery of said 0.50 limes said predetermined second set width 

central area at a predetermined acute angle and 15. The upright fire protection sprinkler of claim 14 

predetermmed axial offset thereto, relative to the 35 wherein said predetermined third set width is about 0 40 

honzontal, said redirecting area being free of times said predetermined second set width 

through openings from said inner surface of said 16. The upright fire protection sprinkler of claim 15 

detlector to said opposite outer surface, and wherein said predetermined second set width is about 0 150 

a base area radiaUy outward of and extending about the inch and said predetermined third set width is about 0 060 

penphery of said redu-ecting area, at least an inner 40 inch. 

region of said base area being free of through 17. The upright fire protection sprinkler of claim 8 

openings, wherein said second set of tines are disposed generally in a 

said central area and said redirecting area being recessed V^^^^ perpendicular to said first plane and including said 

from said outlet relative to said base area, said base area said inner tine surfaces of said second set of tines 

lying in a plane perpendicular to said axis, 45 having a predetermined second set width, said predeter- 

2. The upright fire protection sprinkler of claim 1 wherein mined second width being substantially greater than widths 
said predetermined acute angle is between about 10** to 45**. of said inner tine surfaces of all other tines of said plurality 

3. The upright fire protection sprinkler of claim 2 wherein of tines. 

said predetermined acute angle is between about 22"* to 32°. 1^. The upright fire protection ^rinkler of claim 17, 

4, Theuprightfireprotectionsprinklerof claim 3 wherein 50 wherein said predetermined second width is about 0,150 
said predetermined acute angle is about 27**. inch. 

5, The upright fire protection sprinkler of claim 1 wherein ^ upright fire protection sprinkler comprising: 
said predetermined axial offset of said redirecting area, a body defining an orifice and outlet for flow of fluid from 
relative to the horizontal, as measured between intersections a source, said outlet having an axis, 

fj.^'^ 't^^^^^'K^^^'^^r.^'^ ^""^ ^^"^ ^^P°^ generally coaxial with said ouUet and 

area, IS between about 0.030 mch and 0.210 inch. positioned for impingement of the flow of flS 

ft. J He upright fire protection sprinkler of claim 5 wherein thereupon and 

'^^I'l^^'^^"^"^^^^ a pair of frame arms extending from said body and 

T • i.c • . disposed generally in a first plane including said axis 

7. TT^ upright fire protecton spnnkler of claim 6 wherein 60 with said deflector mounted thereupon 

sa,d Predetermm^ axral ofEset ,s about 0.120 inch. said deflector comprising a plurality of tines defining 

coL!?,n"''"^ '^r'"'*'""'''™^!- ' ^"'"^^ i°diied from the 1or2,nt J 

compnstng a parr of frame arms extending from said body .owards said outlet, said plurality of tines coSne 

wl « ^ K P'*"' ^"'"'""S said axis, at least a first set of tines! said firsTseT^f ^es S 

with said deflector mounted thereupon, said deflector further 65 disposed in planes at about 45° to said first plane and 

compnsmg a plurahly of tines defining inner tine surfaces including said axis, said inner di^ ^iS of i"d 

mchned,relativeto.heborizontal,towardssaidoutlets.said first set of tines b ing inch^ a r£nrede?er 
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mined angle from the horizontal, and, adjacent to 
said first set of tines, said plurality of tines further 
comprises tines having said inner tine surfaces 
inclined at a second predetermined angle from the 
horizontal, said first predetermined angle being rela- 
tively more outward from said axis than said second 
predetermined angle. 

20. The upright fire protection sprinkler of claim 19 
wherein said first predetermined angle is between about 10** 
to 45*' further from the vertical than said second predeter- 
mined angle. 

21. The upright fire protection sprinkler of claim 20 
wherein said first predetermined angle is between about 22^* 
to 33° further from the vertical than said second predeter- 
mined angle. 

22. The upright fire protection sprinkler of claim 21 
wherein said first predetermined angle is about 27*'30' fur- 
ther from the vertical than said second predetermined angle. 

23. The upright fire protection sprinkler of claim 19, 20, 
21 or 22 wherein said deflector further defines an inner 
surface opposed to water flow from said outlet and posi- 
tioned for impingement of flow of fluid thereupon, and an 
opposite outer surface, 

said inner surface defining: 
a generally planar central area about said axis, 
a redirecting area extending about the periphery of said 
central area at a predetermined acute angle and 
predetermined axial oflket thereto, relative to the 
horizontal, said redirecting area being free of 
through openings from said inner surface of said 
deflector to said opposite outer surface, and 
a base area radially outward of and extending about the 
periphery of said redirecting area, at least an inner 
region of said base area being free of through 
openings, 

said central area and said redirecting area being recessed 

from said outlet relative to said base area. 
24. An upright fire protection sprinkler comprising: 
a body defining an orifice and outlet for flow of fluid from 

a source, said outlet having an axis, 
a deflector disposed generally coaxial with said outlet and 

positioned for impingement of the flow of fluid 

thereupon, and 

a pair of frame arms extending from said body and 
disposed generaUy in a first plane including said axis, 
with said deflector mounted thereupon, 
said deflector comprising a pluraUty of tines defining 
inner tine surfaces inclined from the horizontal 
towards said outlet, 
said plurality of tines comprising at least a first set of 
tines, a second set of tines, and a third set of tines, 
said second set of tines being disposed generally in 
a plane perpendicular to said first plane and includ- 
ing said axis, and said third set of tines being 
disposed in said first plane including said frame 
arms, said inner tine surfaces of said second set of 
tines having a predetermined second set width 
extending across said plane perpendicular to said 
first plane and including said axis, and said inner tine 
surfaces of said third set of tines having a predeter- 
mined third set width, said predetermined third set 
width being about 0.15 to 0.65 times said predeter- 
mined second set width. 
25. The upright fire protection sprinkler of claim 24 
wherein said predetermined third set width is about 0.30 to 
0.50 times said predetermined second set width. 
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26. The upnght fire protection sprinkler of claim 25 
wherein said predetermined third set width is about 0.40 
times said predetermined second set width. 

27. The upright fire protection sprinkler of claim 26 
wherein said predetermined second set width is about 0.150 
inch and said predetermined third set width is about 0 060 
inch. 

28. The upright fire protection sprinkler of claim 24, 25 
26 or 27 wherein said deflector further defines an inner 
surface opposed to water flow from said outlet and posi- 
tioned for impingement of flow of fluid thereupon, and an 
opposite outer surface, 

said inner surface defining: 

a gerierally planar central area about said axis, 
a redirecting area extending about the periphery of said 
central area at a predetermined acute angle and 
predetermined axial offeet thereto, relative to the 
horizontal, said redirecting area being free of 
through openings from said inner surface of said 
deflector to said opposite outer surface, and 
a base area radially outward of and extending about the 
penphery of said redirecting area, at least an inner 
region of said base area being free of through 
openings, 

said central area and said redirecting area being recessed 

from said outlet relative to said base area, 
29. An upright fire protection sprinkler comprising: 
a body defining an orifice and oudet for flow of fluid from 

a source, said outlet having an axis, 
a deflector disposed generally coaxial with said oudet and 
positioned for impingement of the flow of fluid 
thereupon, and 
a pair of frame anas extending from said body and 
disposed generally in a first plane including said axis, 
with said deflector mounted thereupon, 
said deflector comprising a plurality of tines defining 
inner tine surfaces inclined from the horizontal 
towards said outlet, 
said plurality of tines comprising at least a first set of 
tines and a second set of tines, said second set of 
tmes bemg disposed generally in a plane perpendicu- 
lar to said first plane and including said axis, said 
inner tine surfaces of said second set of tines having 
a predetermined second set width extending across 
said plane perpendicular to said first plane and 
inchiding said axis, said predetermined second set 
width being substanliaDy greater than widths of said 
inner tine surfaces of all other tines of said plurality 
of tines. 

The upright fire protection sprinkler of claim 29, 
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wherein said predetermined second width is about 0.150 
inch. 

31. The upright fire protection sprinkler of claim 29 or 30 
wherein said deflector further defines an inner surface 
opposed to water flow from said outlet and positioned for 
impingement of flow of fluid thereupon, and an opposite 
outer surface, 

said inner surface defining: 

a generafly planar central area about said axis, 
a redirecting area extending about the periphery of said 
central area at a predetermined acute angle and 
predetermined axial oflfeet thereto, relative to the 
horizontal, said redirecting area being free of 
through openings from said inner surface of said 
deflector to said opposite outer surface, and 
a base area radially outward of and extending about the 
periphery of said redirecting area, at least an inner 
region of said base area being free of through 
openings. 
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said central area and said redirecting area being recessed 
from said outlet relative to said base area. 

32. The upright fire protection sprinkler of claim 1, 19, 24, 
or 29, wherein said sprinkler has a K-factor of at least 5.0. 

33. The upright fire protection sprinkler of claim 32, 
wherein said sprinkler has a K-factor of at least 7.0. 
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34. The upright fire protection sprinkler of claim 33, 
wherein said sprinkler has a K-factor of at least 10.5. 

35. The upright fire protection sprinkler of claim 34, 
wherein said sprinkler has a K-factor of at least 13.0. 
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[57] ABSTRACT 

A fire protection nozzle has a base, an orifice, defined by the 
base and having a predetermined diameter, through which 
fire-retaniant fluid can flow, a inlet section having an 
upstream end and defining a conduit for flow of the fire- 
retardant fluid along a conduit axis and leading to an 
upstream end of the orifice, a difiiiser element positioned 
coaxially with and downstream of the orifice, and one or 
more arms extending from the base and supporting the 
diffuser element in a position, where, when flow of the 
fire-retardant fluid from the inlet section through the orifice 
is estabhshed, the fire-retaidant fluid emerges from the 
orifice in a stream which impinges on a difiuser surface 
defined by the diJffuser element to be distributed in a spray 
pattern. The diffiiser surface defined by the difiiiser element 
is generally spherical in shape in a region extending firom an 
upstream end closest to the orifice to at least downstream of 
an equatorial plane of the difiiiser element transverse to the 
conduit axis. 

13 Claims, 3 Drawing Sheets 
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FERE PROTECTION NOZZLE 

HELD OF THE INVENTION 

This invention relates to manually and automatically 5 
operated nozzle systems for discharging fire-retardant fluids. 

BACKGROUND OF THE INVENTION 

Certain types of fiie protection nozzles are used to dis- lo 
charge water, with or without additives, in a relatively fine 
spray, wMch is generally refOTed to in the industry as mist. - 

The mechanism by which a fine spray (water mist) nozzle 
system acts to control, suppress or extinguish a iire can be 
a complex combination of two or more of the following ^5 
factors, depending on the class(es) of the combustible mate- 
rials involved, the operating concept of the individual 
nozzle, the size of the orifice(s), the operating pressure and 
the flow rate: 

(1) Heal extraction from the fire as wateris converted into ^ 
vapor and the fue! is cooled; 

(2) Reduced oxygen levels as the water vapor displaces 
oxygen near the seat of the fire; 

(3) Dilution of flammable vapors by the entrainment of 25 
water vapor to such an extent thai the resultant mixuire of 
vapors will not bum; 

(4) Enveloping of the protected area to pne-wet adjacent 
combustibles, cool gases and other fuels in the area and 
block the transfer of radiant heat to adjacent combustibles; 30 
and/or 

(5) Direct impingement wetting and cooling of the com- 
bustibles. 

In the case of Qass A combustibles, a combination of 
factors (1), (2), (4) and/or (5) may be involved, while a 
combination of factors (1), (2) and/or (3) may be involved 
in the case of Class B fires. In order to prevent the electrical 
conductivity of water from representing a potential problem, 
the extinguishment of Qass C fires by fine water mist is 
generally limited to nozzle systems which primarily depend 
on faaors (1) and/or (2) only. 

It is generally acknowledged that in order for water spray 
to be described as mist-like, the majority of the water 
droplets should have a diameter of less than 500 microns 
(0.020 inch). 45 

However, in the case of Class B fires, the majority of the 
droplets should have a diameter of less than 300 microns 
(0.012 inch) in order to maximize the effects of faaors (1), 
(2) and/or (3). In the case of Qass C fires, the majority of the 50 
water ckoplets should have a diameter less than 200 microns 
(0.008 inch) in order to maximize the effects of factors (1) 
and/or (2) at the smallest practical fire size. In the case of 
Class A fires, the mist-like droplets may be intentionally 
combined with a small percentage of high momentum large 55 
droplets, in the order of up to 1500 microns (0.060 inch), 
which serve to entrain and drag the mist-like droplets into 
the combustion zone, as well as provide some dirm 
impingement westing and cooling of the combustibles. 

Various types of nozzles discharging a fine water spray 60 
have long been used in fire protection systems. Although, 
often not described as such at the time, perforated diffiiser 
sprinklers, e.g. as described in Parmalee U.S. Pat. No. 6,275, 
discharged water in a fine spray by namre of the diffuser 
holes being in the order of 0.06 inch in diameter. Other 65 
examples of fine spray nozzle designs intended for use in fire 
protection system applications are described in Lewis U.S. 



Pat No. 2,310,798. which is basedon the use of impinging 
jets to create a "clourf'.of spray, £ls well as Loepsinger U.S 
Pat. No. 2,361,144 and Papavei^sU.S: Pat No. 4,989,675* 
which are based on establishing a gas-water mixture to 
creaxc an atomized spray. Further techniques for delivering 
fine spray for fire suppression puipos&s include: using an 
array of nozzles originally desipcd far fine oil mist atom- 
izing, e.g. in oil burner applicatioias, and using nozzles with 
an internal fixed scroll, or a \;vhiriiiig device, e,g. as 
described in PCT Publication No. WO 92/20454-. 

Wthin the water spray fire prot&cdon iield, there has been 
extensive use of hemispherical or a)herica] surfiices down- 
stream of the nozzle or sprinkler orifice, to act as a first stage 
splitter or diverter in conjunction with a second stage 
deflector which distributes the water spray over the area to 
be protected. In most of these cases, the splitter is utilized to 
spread out the stream of fluid flow over a greater area, so that 
a larger deflector can be used to di stnT)ute the fluid over the 
area to be protected Such an approach allows a wide range 
of second stage deflector designs to be implemented for 
control of the distribution of fluid over the area to be 
proteaed. Examples of such use with hemispherical splitter 
surfaces are given in W. Johnson U.S. Pat. No. 4,465,141 
and K. Johnson U.S. Pat No, 4,596^89. A simflar principle 
is involved in Hanson U.S. Pat No. 3,05 1 ,397, although, in 
this case, a spherical splitter is used to first fan out the fluid 
stream against the interior of a cylindrical wall for the 
purpose of agitating the fluid and entraining air drawn in 
from tile inlet, prior to the resultiant fluid mixture being 
distributed by a downstream deflector, over the area to be 
protected. However, it should be rioted thai in this patent, 
Hanson '397 also indicates tiiat a spherical splitter was used 
for the sake of simplicity and that a hemispherical splitter 
would have performed the requirec3 function. 

There has also been extensive use of hemispherical ele- 
ments in fire protection nozzles and sprinkJen as a mounting 
location for the fluid deflectors the jimcdon point of 
strucniral support arms extending &oin the nozzle or sprin- 
kler base. However, in cases such as those Olustiated in 
Martin U.S. Pat No. 89U78 and ^taleerU.S. Pat No. 
4,585,069, the hemispherical design has also been selected 
to suitably spread the fluid stream being emitted from the 
nozzle (sprinkler) orifice over the second stage nozzle 
(sprinkler) deflector, for distribution over the area to be 
protected However, it is well known in the art that» because 
of the diverting effect that even hemi^herical surfaces have 
on the fluid stream being discharged fiom tbe nozzle orifice, 
their use as a first stage splitter results in a relatively hollow 
cone or zone of light spray in the region to be protected that 
is downstream of the nozzle and coaxial with the nozzle 
orifice. The volume of this zone of light spray may be either 
increased or decreased by the second stage deflector, 
depending upon its design. Hanson US. Pat No. 3,051397 
teaches the use of a spherical splitter only for the purpose of 
simplicity, witii acknowledgement that the ciesired diverting 
of tiie fluid stream and the fanning out of tbe spray to the 
inside wall of an enclosing cylindercouldbe pedbnned with 
a hemispherical splitter. In addition, as illufitiated, Hanson 
'397 required a deflector downstream of the splitter to 
distribute the fluid mixture over the area to be protected and, 
tiie central conical region immediately upstream of the 
deflector resulted in a zone of light spray ia the region to be 
protected downstream of and coaxial with the device. Fur- 
thermore, Uie spherical splitter is descnlied by Hanson '397 
as being selected to have a diameter slightly greater than that 
of the orifice only to ensure that substantially aD of the fluid 
stream would - impinge on the splittei, even if the stream 
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expanded somewhat between the nozzle orifice and the 
splitter. 

SUMMARY OF THE INVENTION 

This invention concerns a new type of fire protection 
nozzle, primarily intended for use in Qass B fire situations, 
comprising a diffuser element capable of distributing a 
relatively high momentum fine spray, with the majority of 
the water droplets having a diameter of less than 300 
noicrons. as described in "Fire Test Report on the Evaluation 
of the AquaMist® Rxed Water Mist Deluge System in 
Ventilated Marine Machinery Spaces" by Jerome S. Pepi 
(published Jua 28, 1994). In its preferred embodiment, the 
difiiiser element defines a spherical surface located coaxially 
with the nozzle orifice and downstream of the orifice, for the 
purpose of distributing a spray of water mist over the area to 
be protected, with a relatively filled cone of spray in the 
region downstream of and coaxial with the nozzle. Also, in 
its preferred embodiment, the spherical surface of the dif- 
fuser element of the invention has an equatorial diameter of 20 
at least twice the diameter of the fluid stream being emitted 
from tht nozzle orifice. 

Objectives of this invention include to provide an 
improved fine spray (water mist) fire extinguishing nozzle 
that is simple, reliable and has a relatively low manufactur- 
ing cost. A further objective of this invention is to provide 
a water mist nozzle that can distribute a relatively filled cone 
of spray over the area to be protected, with the majority of 
the water droplets having diameters of less than 300 microns 
(0.012 inch) at a pressure of about 175 psi. Another objective 
of this invention is to provide a water mist fire extinguishing 
nozzle that emits relatively high momenmm fine droplets 
which are capable of projecting distances of 5 meters (16 
feet) or more and penetrating the strong updrafts of estab- 
lished hydrocarbon fuel fires as well as being deflected and 
re-distributed throughout the volume to be protected, even 
into areas that are somewhat shielded or concealed from the 
spray discharged directly from the nozzle. 

Objectives of this invention also include to provide the 
above performance, characteristics at a relatively low flow 
rate per nozzle, but not such a low flow rate that requires use 
of an undesirably small orifice that is excessively susceptible 
to clogging due to debris in the fluid supply, unless a very 
fine filter is used to screen the fluid flow to the nozzle orifice. 

According to the invention, a fire protection nozzle 
achieving one or more of these objectives comprises a base, 
an orifice, defined by the base and having a predetermined 
diameter, through which fire-retardant fluid can flow, an inlet 
section having an upstream end and defining a conduit for 
flow of the fire-retardant fluid along a conduit axis and 
leading to an upstream end of the orifice, a diflftiser element 
positioned coaxially with and dovrastream of the orifice, and 
one or more arms extending from the base and supporting 
the diffuser element in a position, where, when flow of the 
fire-retardant fluid from the inlet section through the orifice 
is established, the fire-retardant fluid emerges from the 
orifice in a stream which impinges on a diffuser surface 
defined by the diffuser element to be distributed in a spray 
pattern. The diffuser surface defined by the diffuser element 
is generally spherical in shape in a region extending from an 
upstream end closest to the orifice to at least downstream of 
an equatorial plane of the diffuser element transverse to the 
conduit axis. 

Preferred embodiments of the invention may include one 65 
or more of the following additional features. The dififtiser 
surface of the diffuser element has a diameter of at least two 
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times (preferably two to four times, and more preferably 
about three times) the predetermined diameter of the orifice. 
The diameter of the diffuser surface of the diffuser element 
is between about 0.18 inch and 0.38 inch, and preferably is 
about 0.28 inch, and more preferably occurs at the equatorial 
plane. The diameter of the orifice is between about O.06 inch 
and 0.12 inch, and preferably is about 0.09 inch. The fire 
retardant fluid flowing from the orifice has a pressure of 1 OO 
psi or ^ve, and preferably about 170 psi or above. The fire 
protection nozzle further comprises two suppon arms, and 
an apex element disposed at a juncture of the arms, generally 
coaxial with the conduit axis, and the diffuser element is 
mounted at an end of the apex closest to the orifice, with an 
area of intersection of the diffuser element and the apex in 
a plane perpendicular to the conduit axis having a diameter 
about 65 percent or less of the diameter of the diffuser 
element at its equatorial plane, whereby a portion of the fire 
retardant fluid discharging from the orifice remains attached 
upon the diffuser surface of the diffuser element down- 
stream, past the equatorial plane, thereby, providing a rela- 
tively filled cone of fine spray from the nozzle. Preferably, 
the diffuser element is secured upon the apex by resistance 
welding. 

The nozzle base, arms, apex, diffuser element and orifice 
(which may or may not be separately fabricated from the 
base) are manufacuired of stainless steel, to provide suffi- 
cient resistance to the intense heat which can be associated 
with direct impingement of the flames from a high pressure 
hydrocarbon fuel fire as well as. resistance to conosion 
which could be caused by salt air or use of sea water as the 
fire retardant fluid media. The spherical diffuser element is 
positioned coaxial with the nozzle orifice by two support 
arms extending from the base, on opposite sides of the 
orifice and joined together at an ^ex downstream of the 
spherical diffuser element so as to minimize the disturbance 
to the pattern of the mist which is distributed over the area 
to be protected 

The spherical diffuser element for a fire protection nozzle 
of the invention tiius provides distribution of fire retaniant 
fluid over the area to be protected and, more specifically, 
provides distribution of a fine spray or mist in a generally 
conical pattern that is relatively filled with fluid droplets 
with features as described above. These attributes have been 
achieved through the discovery that fine droplets become 
detached from all around the spherical surface of the difiiiser 
element of this invention, including that portion of the 
spherical surface which is downstream of its equatorial 
plane, which results in a generally conical spray pattern that 
is nearly completely filled with fine fluid droplets. 

Furthermore, it has been found that at pressures of 100 psi 
and above and more preferably at pressures of 170 psi and 
above, the fine fluid droplets which are distributed by the 
spherical element have tiie required predetermined projec- 
tion distance, combined with the relatively high momentum, 
necessary to penetrate strong upward drafts associated with 
hydrocarbon fuel fires and-the like, due in great part to the 
streamlined nature of the fluid flow around the spherical 
surface of the diffuser element of the inventiort 

To a certain extent, the portions of the nozzle support anns 
which arc located downstream of the spherical diffuser 
element, in die preferred embodmient of this invention, 
provide narrow openings in the spray pattern close to the 
nozzle. However, by utilizing a relatively narrow width 
along the upstream (inside) edges of the arms, combined 
with a streamlined shape for the arms in the vicinity of the 
apex, the disturbance to the spray pattern caused by the anns 
is miniinized and of no substantial consequence, over 0.5 m 
(1.6 feet) from the nozzle. 
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Further objectives of the invention include providing a 
nozzle, e.g., for use as part of a fire extinguishing system, for 
use in extinguishing Class B fires involving flammable 
hydrocarbon liquids and gases, for use in extinguishing 
Qass A fires involving ordinary combustible materials such 
as wood, cloth, paper and plastics, as well as for use in 
extinguishing Class C fires involving electrical or electronic 
equipment where consideration of the electrical conductivity 
of the extinguishing media is of importance. 

BRIEF DESCRIPTTON OF THE DRAWING 

FIG. 1 is a front elevation of a fire protection sprinkler 
nozzle with a spherical diffiiser surface of the invention; 

FIG. 2 is a side elevation, taken in section, of the fire 
protection sprinkler nozzle having the spherical difiuser 
surface of FIG. 1; and 

FIGS. 3 and 4 are somewhat diagranmiatic, enlarged front 
and sides view, respectively, both taken in section, showing 
fluid flowing from the orifice onto the difiuser element 20 
surface to be diffused into a generally conical spray pattern 
that is neariy completely filled with fine fluid droplets. 
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Referring to FIG. 1, a fire protection sprinkler nozzle 10 
of the invention has a base 14 defining external threads 16 
for threaded sealed connection to a fire retardant fluid supply 
system (not shown). 

Referring also to FIG. 2, the base 14 defines an axial 
passageway 18 therethrough for flow of fire retardant fluid 
from the inlet 20 (in conununication with the fluid supply 
system) to the outlet 22, exterior of the base. In a region 
downstream of the outlet, arms 24, 26 extend from the base 35 
14 to an apex 28 positioned downstream of and coaxial with 
the orifice 30, defined by orifice insert 31 positioned within 
passageway 18 of base 14, e.g. much the same as m 
traditional nozzles typically used for fire protection system 
service. 

A strainer 32 is positioned across the inlet 20 to passage- 
way 18 in manner to protect orifice 30 in orifice insert 31 
from clogging, e.g., due to debris in the fluid supply system. 
Under standby conditions (FIG. 2), an elastomeric plug 34 
seals the outlet 22 to passageway 18 and the orifice 30 from 
airborne debris or insects that might lend to clog the orifice. 
Wire 36 attaches the plug 34 to die base 14 of the nozzle so 
that the plug will not be blown away from the nozzle upon 
discharge of fluid from the nozzle. 

In principle, the device so far described operates in much 
the same manner as many of the nozzles used in fire 
protection system service today. 

Referring again to FIG. 2, in the nozzle 10 of the 
invention, a spherical difiuser element 40 is positioned 
coaxially with the craterline. C^, of the orifice 30, with the 
difiuser element 40 partially recessed within and centered by 
axial bare 29 defined in apex 28, and secured, e.g., by 
resistance welding, at the upstream end of apex 28 of the 
support arms 24, 26. 

In a preferred embodiment of the invention, the nominal 
diameter. D^, of the orifice 30 is 0.091 inch; the difiuser 
element 40 has an outer surface 42 in the shape of a sphere, 
with a nominal diameter. D^ of 0.281 inch at its equatorial 
plane; the diameter, D^ at the intersection of the spherical 
outer surface 42 of the difiuser element 40, and apex 28, 
partially recessed within and centered by hole 29, with a 
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horizontal plane, P„ extending through the upper edge 44 of 
the apex 28, is nominally 0.18 inch; and the nominal 
diameter, D^ of the perforations 46 in the strainer 32 are 
0.060 inch. The upstream (inside) edges 48, 50 of the arms 
24, 26 in the vicinity of the apex 28 are nominally 0.03 inch 
thick, gradually increasing to a nominal thickness of 0.10 
inch at their downstream (outside) edges 49, 51. 

Referring now to FIGS. 3 and 4, upon actuation, fire 
retardant fiuid is caused to flow from the fire retardant fiuid 
supply system (not shown), through perforations 46 in 
strainer 32, into passageway 18 via inlet 20 and through 
orifice 30. The pressure of fiuid flow from the orifice 
dislodges the plug 34 (secured by wire 36) from the outlet 
22, aUowing the fluid 54 to impinge upon the spherical 
difiuser surface 42 of the spherical difiuser demerit 40. As 
represented in the drawings, fine droplets 56 become 
detached firym all around the spherical surface 42 of the 
difiuser, element 40, including that portion 43 of the spheri- 
cal surface 42 which is downstream of its equatorial plane, 
P^ which results in a generally conical spray pattern 58 thaf 
is nearly completely filled with fine fiuid droplets. 

Other embodiments of the invention are within the scope 
of the following claims. For example, a spherical difiuser 
element of the invention may be part of a nozzle with an 
orifice thai discharges a coherent fluid stream, to minimize 
splashing upon impingement of the stream against the 
spherical difiuser surface, as well as to maintain a spray 
pattem with an envelope that varies relatively little in 
outside dimension over the pressure range of from 100 to 
300 psi. 

A hand held nozzle of the invention for spraying mist onto 
a fire by trained fire service personnel may define an orifice 
30 substantially larger in diameter, e.g. 1.00 inch or more. 

Also, the diffiiser surface of a difiuser element in a nozzle 
of the invention may have a diameter four or more times the 
diameter of the orifice, if diameter D^ (HG. 1) is made 
sufficiendy small and some lightening of the concentration 
of the droplets can be tolerated in the zone coaxial with and 
downstream of the nozzle. 

The apex 28 at the juncture of frame arms 24, 26 may 
have a shape defining a spherical diffiiser surface, thus 
eliminating the need for a separate difFuser element and 
fiirther eliminating the operation of securing a separate 
diffiiser element to the apex. 

The diffiiser element 40 may define another, smoothly 
changing, but more complicated shape, e.g., a spheroid, to 
accomplish objectives of the invention in manner similar to 
that achieved by the preferred embodiment of the invention 
described above, but distributing the spray in a different, 
preferential pattem over the area to be protected. 

The spherical or other difiiiser element of the invendon 
may be located downstream of the one or more support 
arms, provided that the arms are sufficiently streamlined to 
minimize disturbance to the fluid stream impinging on die . 
difiuser element surface. Hie spherical difiuser element may 
also be connected, e.g., to a cylindrical stem which, in turn, 
is attached to the apex of the nozzle support arms, or to the 
nozzle base, to position the difiuser element in a preferred 
position. 

The spherical difiuser element of the invention may be 
utilized as part of an automatically operating nozzle, with a 
temperature sensitive release element, means for adjusting 
the axle position of the difiiiser element diffiiser surface, 
means for securing the temperature sensitive release ele- 
ment, and/or an orifice seal in a normal or standby condition. 
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What is claimed is: 

1. A fire protection nozzle comprising 

a base defining an orifice having a diameter through 
which fire-retardant fluid can flow, 

an inlet section having an upstream end and defining a 
conduit for flow of fire-retardant fluid along a conduit 
axis and leading to an upstream end of said orifice, 

a diffuser element positioned coaxially with and down- 
su^am of said orifice, said difiuser element defining a 
difiiiser surface that is generally spherical in shape in a 
region extending firom an upstream end closest to said 
orifice to at least downstream of an equatorial plane of 
said difiiiser element transverse to said conduit axis, 
said difiuser surface having a diameter that is at least 
two times the diameter of said orifice, and 

one or more arms extending from said base for fixedly 
supporting said diffuser element in position, 

wherein when a fiow of fire-retardant fluid firom said inlet 
section through said orifice is established, fire-retardant 20 
fluid emerges firom said orifice in a stream which 
impinges on said diffuser surface and is thereby dis- 
tributed in a spray pattern over an area to be protected. 

2. The fire protection nozzle of claim 1 wherein the 
diameter of said diffuser surface is between two times and 25 
four rimes the diameter of said orifice. 

3. The fire protection nozzle of claim 1 wherein said 
diameter of said dififiiser surface is approximately three 
times the diameter of said orifice. 

4. The fire protection nozzle of claim 1 wherein the 30 
diameter of said difiuser surface is between about 0.18 inch 
and 0.38 inch. 

5. The fire protection nozzle of claim 1 wherein the 
diameter of said diffuser surface is about 0.28 inch. 

6. The fire protection nozzle of claim 1, 2, 3, 4, or 5 
wherein the diameter of said diffuser surface occurs at the 
equatorial plane of said diffuser element 

7. The fire protection nozzle of claim 1 wherein the 
diameter of said orifice is between about 0.06 inch and 0.12 
inch. 

8. The fire protection nozzle of claim 1 wherein the 
diameter of said orifice is about 0.09 inch. 

9. The fire protection nozzle of claim 1 wherein, when fire 
retardant fluid flows from said orifice at a pressure of 100 psi 

or more, as measured at the upstream end of said inlet 45 
section, fire-retardant fluid emerges firom said orifice in a 
stream which impinges on said diffuser surface and is 
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thereby distributed in a substantially filled cone of spray 
pattern over an area to. be protected. 

10. The fire protection nozzle of claim 1 wherein, when 
fire-retardant fluid flows from said orifice at a pressure of 
170 psi or more, as measured at the upstream end of said 
inlet section, fire-retardant flmd emerges from said orifice in 
a stream which impinges on said diffuser surface and is 
thereby distributed in a substantially filled cone of spray 
pattern over an area to be protected. 

11. A fire protection no^e comprising 

a base defining an orifice having a diameter through 
which fire-retardant fluid can flow, 

an inlet section having an upstream end and defining a 
conduit for flow of fire-retardant fluid along a conduit 
axis and leading to an upstream end of said orifice, 

a diffuser element positioned coaxially with and down- 
stream of said orifice, said diflfuser element defining a 
difiiiser surface that is generally spherical in shape in a 
region extending from an upstream end closest to said 
orifice to at least downstream of an equatorial plane of 
said diffuser element transverse to said conduit axis, 
said diffuser surface having a characteristic diameter in 
the equatorial plane, 

two arms extending fi^m said base for fixedly supporting 
said diffuser element in position, and 

an apex element disjwsed at a juncture of said arms, 
generally coaxial with said conduit axis, said diffuser 
element being fixedly mounted at an end of said apex 
closest to said orifice, with an area of intersection of 
said diffuser element and said apex, in a plane perpen- 
dicular to said conduit axis, having a diameter that is 
about 65 percent or less of the diameter of said diffuser 
surface in the equatorial plane, 

wherein when fire-retardant fiuid flows through said ori- 
fice, fire-retardant fluid emerges from said orifice in a 
stream which impinges on said diffuser surface, 
whereby a portion of the fire retardant fluid impinging 
on said diffuser surface remains on said diffuser surface 
downstream, past said equatorial plane. 

12. The fire protection nozzle of claim 11 wherein said 
difiuser element is fixedly secured to said apex by resistance 
welding. 

13. The fire protection nozzle of claim 11 wherein said 
diffiaser surface has a diameter that is at least two times the 
diameter of said orifice. 
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[57] ABSTRACT 

A fire protection nozzle of this invention has a base 
defining an orifice and an inlet section defining a con- 
duit for flow of fire-retardant fluid, leading to an up- 
stream end of the orifice, A diffiiser is supported by 
arms extending from the base in a position downstream 
of the orifice where fire-retardant fluid flowing from 
the inlet section emerges fi-om the orifice in a coherent 
stream which impinges on the difPoser to be deflected in 
a spray pattern. The inlet section, in the direction of the 
fire-retardant fluid flow, has a cross-sectional shape of 
an inwardly convex curvilinear arc with a length equal 
to or greater than the diameter of the orifice. In a pre- 
ferred embodiment, the diffiiser defines two or more 
slots, each having a cross-sectional open area equal to at 
least eight percent of the total cross-sectional area of the 
diffiiser measured in a plane transverse to the direction 
of fire-retardant fluid flow from the orifice. 

19 Claims, 2 Drawing Sheets 
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1 2 
FIRE PROTECTION NOZZLE inhibiting the combustion radicals. This three-dimen- 

sional effect of the expanding mist also acts to cool the 
FIELD OF THE INVENTION gases and other fuels in the area, blocking the transfer of 

This invention relates to manually or automaticaUy ^ J*adiant heat to adjacent combustibles, as weU as, pre- 
operated nozzles for use in discharging fire-retardant netting them. 

liquids. , ^- Direct impingement wetting and cooling of combus- 

BACKGROUND OF THE INVENTION ^Sadditioa to the pre-wetting and cooliag of the 

Fire protection nozzles are used to discharge water, flames by vaporizing water droplets, fire estinguish- 
wifli or without additives, in a relatively fine spray, 10 ment by direct contact of the water droplets wifli the 
which B e^merally referred to in the industry as noist burning fuel to prevent fiirther generation of the com- 
Nozda with an mwaidly curvilinear inlet section and, bnstible vapors is one of the modes of fire eitinguish- 
? Z ""T^^^ convex section ment normaUy associated with traditional spriS 
th. ^ f "^^^^ „ having orifice diameters most often of about 0^44 inch 

S^°"of'SX;Sa^S^^\?S''"'^ -^ger.Howev^^thafastre^ 

S^us types of^ozzles dischSgT fine water »^^^f"'«'^^,'^<^ be effective in this mode 
spray have 1^ been used in fire pmLicTJrS v^Ih T*^* "^ff "^l" • 

Although often not described as such at the tim^ perfo- speabng, the siz^ of the onfices used in 

rated diffiiser sprinHers such as described in Pamalee 20 water mist nozdes are in the order of 0.06 inch in diame- 
U.S. Pat No. 6,257 discharged water in a fine spray by " „ ' . diameter becoming smaller 

nature of the difiiiser holes being in the order of O.06 ^ Qowmg pressure is increased, in order to restrict 
inch in diameter. Other examples of fine spray nozde *° * reasonable value. For example, nozzle 

designs intended for use in fire protection system appli- assemblies made up of fine oil mist-type sprayers gener- 
cations are described in Lews U.S. Pat No. 2,310,798, 25 aHy have oiifice diameters m the order of 0.02 inch or 
which is based on the use of impinging jets to create a snialler and are operated at pressures of about 1,000 psig 
"cloud" of spray, as well as Loepsinger U.S. Pat No. °' hi^er. As compared to traditional sprinklers with 
2,361,144 and Papavergos U.S. Pat No. 4,989,675, orifice diameters most often of about 0.44 inch or larger, 
which are based on establishing a gas-water mixture to water mist nozzles with orifice diameters of about 0.06 
create an atomized spray. Further techniques for deliv- 30 inch or smaller require the use of fine inlet mesh stiain- 
ering fine spray for fire snppresaon purposes include: «s to prevent clogging due to debris in the water sup- 
nang an anray of nozzles originally designed for fine oil ply, while nozzles with orifice diameters of 0.02 inch or 
mist atommng, e.g. in ofl burner applications, and using smaller are considered to be excessively suscqitible to 
nozzles with an internal fixed scroH, or a whirKng de- clogging by either debris or mineral deposits in the 
>^^g. as described in PCT Publication No. WO 35 water supply or corrosive atmospheres like that assod- 
92/^54. ^. . „ *^ a marine environment As such, very fine 

~f ^fT""^^^ "^^^ ^ spray (water mist) mesh inlet strainers are needed to protect the orifices, 
acts to control soppre^ or extmgnish a fire can be a the nozzle bodies need to be made of costly corrosiS 
^lex comtanation of two or more of the foUowing resistant materials and, in addition, theSof 

pressure and flow rate- upcraumg ^^^^ following nozzle operation), should be consid- 

1. Heat extraction from the fire as water is converted ^^'J^ T'^'''' water pumps at 1,000 psi or 
into vapor higher, especially m marme service, raises questions as 

The amount of evaporation and hence heat with- 45 ^^^^^ree of maintenance req^^ 

drawn from the fire Ci-e., cooling of the fuel) is a W , ^^^"i ^^^'l^^ necessary for helping to assure 

tion of surface area of water droplets appHed, for a "^A^ ^ situation. 

given volume. Reducing droplet size increases surface . systems such as the gas-water 

area and increases the cooling effect of a given volumet- described in Papavergos U.S. Pat No. 

ric flow rate of water. 5q ^ °89,675 tend to have a larger and more acceptable 

2. Reduced oxygen levels as the vapor displaces oxygai discharge orifice diameter Cm the order of 0.12 
near the seat of the fire ^^^) operate at pressures in the order of 45 psig to 

When water converts to vapor, it expands by a factor however, dual media systems have the extra 

of about 1650 times, displacing and diluting oxygen, ^ complexity associated with installing two sets 

thereby blocking the access of oxygen to the fuel. Ar- 55 P^P^S to each nozzle, they must be operated as a 

sonist fires in enclosures are, therefore, the easiest for deluge system (e.g., water is flowed from a number of 

water mist systems to extinguish because of the virtually nozzles at once, to cover a relatively wide area), and a 

instantaneous vaporization which can occur due to the separate source of relatively high flow rate compressed 

relativelyhighlevelof heat present at nozzle operation, must be maintained. The gas source is normally 

even with fast response release elements. 60 provided by using cylinders of compressed nitrogen at 

3. Deluging of the protected area pressures of greater than 2,000 psig, and, because of the 
Small watCT droplets are extremely hght, and tend to fixed volume of gas supply, it is also necessary to make 

remain suspended with the slightest air currents. This provisions for discharging multiple shots of the water 

results in a "mist" that tends to distribute itself through- mist, with each shot lastmg a few minutes, in the event 

out an enclosure, outside of the direct spray range of an 65 that the fire re-ignites after the first shot of the misL 

mdividual nozzle. Fme water droplets are, therefore, This makes the equipment more complex and costly 

more likely to be drawn into the seat of the fire, further Lastly, with the dual media system, care must be takra 

enhancmg the effectiveness of tiie system by chemically to prevent over-pressurization of a compartment, other- 
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^^'^^^^^^ *° compartment might result form of a cinndar arc, with the center of the circular arc 

upon rel«se of the gas-wata mixture. located proximate to the plane of the upstream endS 

mere is. also a variety of background information the orifice, and the radius of the circular arc is between 

wncemmg nozzles, with various types of inwardly one and three times the diameter of the orificTaS 

fiT^L^^^lfT'v"^ sections for which nonnals 5 more preferably, the radius of the circular arc is appro»I 

(i-e.. perpendiculars) to tangents at neighboring points imately 1.5 times the diameter of the orifice 

al?^^!!!;i*'J^». been used for fa an alternative embodiment, the inwardly convex 

a^licanons such as dischargmg: fire-retardant fluids, curvilinear arc of the cross^onal shape of the inlet 

^^^^ 'i''^^ ^ "^^^ ^ the form of an eUipse with thfc^t^ oflie 

S^S^tSTT^ fllustratmg nozzles with 10 ellipse located proximate to L plane of the upstt«m 

S wh^ 1"*!^? '^•I °f ^'^'^ Preferably, the ellipse has T m^ 

«n^.^ f ^^e^e fire-retardant axis with a length between 1.5 and 4.0 times, and prefer- 

K.'S 'J^ '^'',S^r^^\^^ *'y--^any2:0times,thediameteroftSo^Std 
N« 1 liff^ •■ ^ = V.' "^P^ ^ * ^ ^ a length betv^ree^ 1.0 

' T^^V^'^^oE-^- 3.872,928; Liv- 15 and 3:0 times, and preferably nominallVl.3 ^^ie 

P'^.?':?- U.S. Pat No. diameter of the orifice. ™nai,y i.j times, the 

vT'p^'^^T^Si^iJ'^ ^'^^-^^ '^'^ ^^^"^ ^ '^"^ ^It^m^tivc embodiment, the inwardly 
trinr^r^J^^ f ■ ■ ^ • convex curvilinear arc Of the cross-sectiona] Shape Of 

sc^S i^lSn i'VTT'f-^^^f^Tr^'' '"^^^ ^t^O" ^ f°™ °f a smooth blend oftwo 

vf^^^Tf^f^l 1^°'^'^!^^^'^^^^ ^ ormorecirculararcsofdifFerentradii.thetwoormore 
* ^ /""'^ ^ "^^^ combination approximating the form of 

wardly convex mlet sections for use in rodcet fuel appli- an elUpse ""guieioimoi 

cations is des«ibed in Ledwith U.S. Pat No. 3,171,248, Preferred embodiments of this aspect of the invention 
tionsfor use m chemioJ process apphcations are de- 25 features. The cross-sectional area of the condmX m^ 
US^at'N^'rSsS''- '''^ sured in a first plane at the upstream ^i^SS^It 

.o. i-au i^o. section and transverse to the direction of fire-retardant 

SUMMARY OF THE INVENTION ^ ^^^n times the cross-sectional area 

T* r *v • - of the orifice measured in a second plane transverse to 

It « an objective of this mvention to provide an im- 30 the direction of fire-retardant fluid flow m ^ter 
ftr?5n,f"T- ^ ^ «f»g"ishing nozzle of the orifice is between about 0.08 oSTS 

tha ^ simply reliable and low cost for manufacture. and preferably nomimfly 0.11 inch The orifice h^^ 

Itisafortherobjectiveoffliisinventiontopm^^^ exited contour essen^Uy in 2e fom 5? ~ 
water mist nozzle that can be individually automatically comer y "« "le lorm oi a square 

'^^^S^JLlf"^*" is effective for extin- 35 According to another aspect of the invention, a fire 
gmshmg certam chsses of fires at a flowmg pressure as protection nozzle comprise a base, an orifice defined 
lowasabom87ps.g.Itisalsoanobjectiveofthisinven- by the base through wMchfire-rSd^tE^S? 
fZ ^Z^^M no^e which discharges a fine spray an inlet section defining a coS? for Sv^ 
wat« nust) with an onfee diameter equal to or larger retardant fluid leading to the orifi^ a ^fS ekiSt 
4^ 0.10 mch. so that the stmner used to protect the 40 positioned downstreL from the^i^S^ o^^J 
^fot cloggmg due to debris in the water supply more arms extending from the base for^p^rttog t^e 

'^^\^Z''^T^^^^^°^^°'^'^'^- ^'""^^ P<«ition where. wh«T^t of 

and K, that die onfice wdl not be subject to clogging fire-retardant fluid throu^ the orifice ii establis W the 

due to mmeral deposits such as calcium in the water fire-retardant fluid emerS from thforiS k a Sh«! 

r«»f^*i.,^ ^ ^ ™* stream and unpinges on the difliiser element to be 

be^SSfe iSf ,rT°H '^"^ ^ to deflected in a spray pattern, the diffuser element d4^ 

atins^o^ individually automatically oper- ing two or more slots, the diflirier element having a 

T« «^ 1 J- , . total cross-sectional area measured in a plane transverse 

to particuto. accordmg to the invention, a fire prc^ to die direction of fire-retardant fluidTw^^ 

^r^^°f?'^P^J^^.'^on&ce,d^f^edby 50 orifice, and each slot having a cross-sectiSopTarr 
St^fif « " predetennmed diameter, through measured m die plane, equal to at least eight Sl^f 
7^1^t^^r "^"^ cross-s^tional area of the difftS elS 

l12r/t^ flow of fire-retardant flmd and Preferred embodiments of tius aspect of die mvention 

S^t ^n^^r° ^ °^ * '^^^ ^l'^* O'^' °^ t-ore °f *e Slowing additional 

f^^^^*'°°f'^'^^of^^oraict.Bnd<mt 55 features. The diffuser element and the orificf are co^ 

tteX^J^^ T ^^«^P°^S ^ged, and each slot has a long axis dispos^^^ 

SlSSnfZ? ^"^T ""^"^ "^^"^ °^ verse to a radial line drawn from L axis of Ae diffuser 

Sffi^^tlSSiT ff 1 ««i°« through the element Thediffiiserelementanddieorificearecoaxial 

frS.e oSff" ^J^'^'^^ ^ ^Bcs arranged, and die difiuser element defines four slots. 

A^^S^? »?^'^T'^^^''*'™P"'8eson 60 each slot having a cross-sectional open area measured ii^ 

Ae diffuser element to be deflected m a spray pattern, die plane approximately equal to tcTpercent o^e to^ 
fow^W?Jf«^lfr'^?\°^^'-r^* of d.e'^Sffuser el^«t in die pKSd eS. 

^.^«^^r cross-secuona^ diape of an inwardly has a long axis disposed transverse tS a riial line drav^ 

wnvex curyUmear arc. and die mlet section having a from die axis of die diffuser element The diffuserd^ 

h^equaltoorgreaterthan die diameter of die on- 65 meat and orifice are coaxially arranged.^chd^h2 a 
Prrf^r^w„ - M ... axis disposed substantiaUy transverse to a radial 

Preferably, the mwardly convex cnrvihnear arc of line drawn from die axis of the diffuser element and an 

die cross-secdonal shape of die inlet section has die open chamiel is defined between SSS slot a^ 
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an outer edge of the diffuser dement, the channel being fire retardant fluid flow throueh the orifirv. • 

apresentlyp^fel^edemboiS^e^ra^^^ perforations 48, taken together, have a total cross^. 

u^jsjun^t, ana irom ine Claims. tional open area in the order of 20 or more times the 

BRIEF DESCRIFnON OF THE DRAWING orifice 50, to avoid introduction of signifi- 

FIG. 1 is a face view of a fine spray fire protection alteration to the flow characteristics through the 

nozzle of the invention; ^ P on passageway 16 formed by the orifice inlet section 46 and 

EEC. 2 is a side sectional view of the fine spray fire ^""^ ^^'tu^^ pressure (flow) range of interest 
protection nozzle of the mvention, taken at the Une 2—2 ^ size of the mdmdual strainer perforations 4S must, 
of FIG. 1; 15 however, be smafler than that of the orifice 50, so that 

FIG. 3 is a top sectional view of the diffiiser element ^^^P which is small enough to pass through the 
of a fine spray fire protection nozzle of the invention. P^P^tions is also sufficiently smaU to pass through the 
taken at the line 3—3 of FIG. 2. orifice mlet and thus not clog the orifice. The total 

r.T>o^T>™r^^^r ^ cro^sectional area for the strainer needs to be greater 

DESCRIFnON OF THE PREFERRED t^^an that for the orifice inlet, in order to aUow for the 

EMBODIMENTS ^ partial blockage effect created by any debris coDecting 

Referring to FIG. 1, an mdividnally automatically ^^und the outside of the strainer, 
operatmg nozzle 10 includes a frame 12 with external Heretofore, the discharge streams and resulting spray 
threads 14 for sealingly connecting it to a fire retardant Patterns of nozzles (sprinklers) with orifice diameters 
fluid supply system (not shown). Referring also to FIG. 25 ^'^^ passageway configurations like 

2, an axial passageway 16 defined through the fi^e 12 described in the prior art have been known to be 

communicates fi-om the fluid supply to the exterior of ^^^^ ^ relatively limited range of pressures, 

the fi^e. Arms 18, 20 extend fi-om the main body 22 of ^ ^ pressures in the order of 80 psig. At higher pres^ 
the frame to an apex 24 positioned away from and coax- stream exiting the orifice becomes unsta- 

ial with the passageway in the frame 12, much the same 30 reasons which have been found to be 

as in traditional sprinkler heads typically used for auto- °^ particular importance: the first being due to a change 
matic fire protection system service. direction of the fluid entering the orifice area, and the 

A strainer 26 is positioned across the passageway 16 second being due to discontinuities m the contour of the 
m manner to protect the orifice insert 28 from potential downstream end of the orifice, 

clogging due to debris in the fluid supply system. A 35 However, the instabihties described above are unac- 
sprmg seal 30 and button 32 sealingly close the passage- ceptable in the case of a nozzle having an orifice diame- 
way dffough the firame 12, and the opening is held of about 0.11 inch, as necessary for discharge of a 

closed by a frangible bulb-type heat-responsive release suitable fine spray (water mist), since it has been found 
elament 34 which bears between the button 32 and a minimum pressure of about 87 psi is needed to 

deflector-loading screw 36, which is threaded into 40 ^^lish the momentum required for penetration of the 
frame 12 at the apex 24 of arms 18, 20 extending from fine spray through the updrafts created by a fire These 
the frame. An ejection spring 38 imposes a lateral force instabilities would also be unacceptable for a fine spray 
on the button-and-spring-seal sub-assembly 40 such that device expected to operate in much the same mann^ as 
when the release element 34 bursts at a predetermined traditional automatic sprinklers, since the latter are 
temperature due to exposure to the abnormally high 45 typically rated for use at a maxunum service pressure of 
temperatures caused by a fire, the button 32 and spring 175 psig. pr«>sure oi 

seal 30 are thrown to the side from their normal or With respect to the first described cause of instabihtv 
stendby seahng position, tiiereby to allow fluid to dis- what would appear to be smootii changes in the contour 
Charge through the passageway 16 and impinge upon of tiie inlet section, e.g. as described in Polan U S Pat 
toe down-stream diffuser element 42, secured by the 50 No. 4,976,320 and Simons U.S. Pat No 5 195 597 as 
deflector-loadmg screw 36, to form the deshred water well as in Klein U.S. Pat No. 4,800 961 ^cti^v 
spr^ pattern. In principle, tiie device as so far de- cause detachment of tiie flow stream' from tiie wall of 
^^^tf '^''''^ "^^y ^ traditional tiie waterway at pressures greater dian about 80 psis 

a^^tic sprmklers used today in fire protection sys- and with orifice diameters less than 0.20 inch. Th^ 
tem^rvice. 55 detachment from the wall, especially in an area nnmedi- 

Refemng agam to FIG. 2, m an mdividually automat- ately upstream of tiie orifice, causes a coUanse in the 
LS^o"^""^" diamet^of the flow stream, ^HJitiy^^ ^n^^^ 

^^^"^^ fl^w ^ into a^iSo^SoT 

phed by the connection tx> tiie fire protection system 60 higher tiian tiiat which produces detachment 

^g and flows tiirough tiie perforations 48 in tiie cantiy alters the resultant Srjray^^^ 

stramer 26. The exact shape or cross-sectional area of utilized witii diffusers. Smce the e Jandedflow s^^^ 

eatianceregion44and perforations 48 are not critical to impinges tiie diffiiser ov^riarge^^r^ 

the fine spmy fonmng qualities of tiie nozzle 10 of tiiis in tiie area of tiie difluL slof vS ^e nS^^ 

S.?th? v^S' ^ ft^""''' P^^^^ ^ acceptaTStrib^ti"^^^^^ wSr th^ 
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0 11 mrh A . ^2), of about mch, and the cross sectional shape of the surface 54 m 

0.11 mch can be made extremely stable, without any the region 52 of the orifice inlet secton 46khf fiT™ 

™^„?'^^°^,^^"'"^"yP^"^"P'° ' ofaqLrantofaneS^^^atJfS^^Tf 
pr«sutes of more than 300 psi by utilizing an inwardly the ellipse being non^y 0212^^? Cf LTthf 

l^ Ji^!jT^^^ ^ Further, the tangent to the elliptical surfkaJT^ 

c^^=.~ ^"?^^.**'*"«^*~™8P°^*^°"*« ^ ^ coinddent with tbeu^^ZSn 

I^IT^ *° ""^bination with 10 of the orifice SO brj in other words, the l^otlZ 

T„ ^T^i 1 • ^ of the orifice inlet section. The length, L2. of the 

in uie Ideal case. It has been found that m order to orifice is nominally 0.064 inch long, and the comer edee 
prcmj^ an e^timely stable fLe., essentially non- around the «dt end 56 of the o^ce 50 is^Sj 
expandmg) flow stream, for the fluid exiting the nozzle 15 square. «««nuauy 
ot^ce SO. the orifice inlet region 52 must provide a Referring now also to FIG. 3, another aspect of this 
sunace 54 which smoothly and gradually blends the mvention involves the unique and unusually shared 
tt^on from the entrance to the orifice 50, such that diffuser element 42 of the deflector-loading screw^ 
discontmmties m the fluid flow do not occur in the ^h^ diffuser dement 42. which establishes the water 
passageway firom the start of the inlet region 54 On the ^ *P"y pattern, is located downstream of the orifice 50 
region of plane Pi) to the end of the orifice 50 On the and the size of the diiiiiser element is relatively smaD in 
region of plane Pj). A significant improvement in the proportion to the diameter of the flow stream. The 
flow stable pressure to a minimum of about 130 psig is di^user element of this invention is unusual in that the 
achieved by making the cross sectional shape of the deflector-loading screw 36 is of one-piece construction: 
curvihnear inlet region Cm the direction of flow of fire " l»owever. it functions similarly to diffiiseis of traditional 
retardant fluid, arrow F) a circular arc having a radius automatic sprinklers of larger orifice diameters by caus- 
equal to at least 1.0 times the diameter, D, of the orifice ""^ ^ stiesaa emanating firan the orifice to be 
50. However, a stiU further increase in the flow stable «P mto a pattern of spray; with the size of the 

pressure to more than 300 pag has been obtained by P^^em, drop size and distribution of droplets within the 
making the cross sectional shape of the surface 54 of ^ pattern bemg variable in accordance with the 

curvilinear section in the region 46 an elliptical arc, S«>metry of the diffuser. 

wherein the length of the major axis of the elUpse is ^ *^ embodiment of FIG. 1, the seat 58 for the 
approximately equal to twice the diameter, D. of the ™^ element 34 and the conical surface 60 have an 
orifice 50 and the length of the minor axis of the ellipse „ °" Pa«ein distributed by the 

IS approximatdy equal to 1.3 times the orifice diameter *^ ^ ^ considered to be part of the 

It has also been found that combinations of two or more when referring to it herein, 

radii can be used to approximate the shape of an ellipse. ^-J? ' "^^^ ^ *^ configuration of the four 

as long as all radius transition points are smoodilv ^f*^' *2 which are elongated in a direction sub- 
blended. ' stantiaHy perpendicular or transverse to a radial line. R. 

In addition to the shape of the surface 54 definmg the *° ^ ^'^^ '^^^ ^' °^ diffuser. The 

orifice inlet region 52 being of critical importance in the ^'^^^"se'y onentated slots 62 provide sufficient flow 
stability of the fluid stream bemg discharged from the tnrough the diffiiser 42 such that four. web-Kke 

orifice 50. when used in conjunction with a down- components, each containing a relativdy large 

stream diffuser 42, the contour of the exit or down- °I ^ discharge volume, are created, 

stream end 56 of the orifice 50 is also extremely imoor- ^ web-like spray components are composed of a 
tant If the comer of the exit 56 of the nozzle orificTso k range of drop sizes specifically placed within the 
of this invention could be fabricated in general produc- ' -V? • t ^ '° '"S" droplets 

tion with a chamfer or radius which was perfectlv con- ttaditional sprinklers having an orifice 

centric with the orifice 50 and perfectly symmetrical 50 S^^? w , f ^ " "^^ ^S'' '^°Pl*'«* 

about any radial axis, lien the flow stream would run help penetrate updrafts created by an 

straight and true to the center axis. A, of the difliiser 42 f^Pfsed fire when the nozzle 10 is located at a rdativdy 
However, from a practical stanjoint. this b noi cdhng-to-floor distance, e.g. 16 feet, as wdl as to 

achievable at an acceptable cost because the orifice inlet th. fi ^"^l ^« '^^ *° 

section 46 and the contour aromid the exitendwlfS « ^ 2°' ^ "^^^^ " of 

orifice 50 must be machined from opSiS^«7s aS Z °" r^t'^r*' ^'"^ cdling-to-floor 

the consequences of even sUght vaiStioiTin £ ^n ff^*^ °^ * of the wd>-like 

centridty or symmetry of thfcon^^^rdtt e^t' K .^P°""'*^ addition to their entrained air 
end of an orifice of the size in the nozzle Ss i^v^ 

tion can cause the flow stream to diverge fajS fte «i ^^J^ ^"^^ ^* PO^- 

longitndinal axis. A. of the orifice 50 S pro^ ^i^r^ "^"Z '^'"^ ^e^T^ed into more re- 

unacceptable dislocation of thespraypaS^SowTv^ Z^wl^^^i '^"^ ^"^'^ ^ « 

it has been found that if the co^er of St^d^56 of tl;^ ^"r^ ^ o«»er to 

the orifice SO is made an essenSflv c^«^ f„ ^ attributes, the cross-sectional 

addition to remo^aTy b^ft ^ ^^^^ « oP^a^^feach of ^ four transverse orientated slots 
machining operation, the flonr^^nSL fe^ J««''"«dmaplane,P3,transve,setotheaxis. A.of the 
the orifice ««Unm Sraight and^^o^S^S^ S^^""^' ""^ ^ °^ 

A,ofthedifi-user4Z «• irue to me center axis, total crtws-sectional area of the difiuser Cmcluding the 

release dement seat 58 and conical surface feature 60) 
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tho^'^^Tr^"' ^^^"^ « fire protection nozzle of claim 10. wherein 

What is claimed is: °^ ^'^ ^'^"^ ^ nominally 0.1 1 inch. 

«id inlet section throagh said orifice is establishedTS Su^ S oSSe res^Lt«,^trf 

tH/tTr,«™,«^ ♦ 1. • ™ improvement wherein 

tne miprovement wherem i ^ ^ 
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measured in said plane, equal to at least eight per- 
cent of the total cross-sectional area of said diffnser 
element 

14. The fire protection nozzle of claim 13, wherein 
said diffuser clement and said orifice are coaxially ar- 5 
ranged, and each said slot has a long axis disposed sub- 
stantiaDy transverse to a radial line drawn from the axis 
of the diffuser element. 

15. The fire protection nozzle of claim 13, wherein 
said difiuser element and said orifice are coaxially ar- 10 
ranged, and said diffiiser element defines four slots, each 
said slot having a cross-sectional open area measured m 
said plane approximately equal to ten percent of the 
total area of the diffuser element in said plane, and each 
said slot has a long axis disposed substantially transverse 15 
to a radial line drawn firom the axis of said diffuser 
element 

16. The fire protection nozzle of claim 13, wherein 
said diffuser element and said orifice are coaxially ar- 

20 
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ranged, each said slot has a long axis disposed substan- 
tially transverse to a radial line drawn from the axis of 
the diffuser element, and an open channel is defined 
between an associated said slot and an outer edge of said 
dififtiser element, said channel bemg narrower than the 
associated said slot 

17. The fire protection nozzle of claim 16, wherein 
said channel has an axis generally aligned with a radial 
line drawn fi-om the axis of the diffuser element and 
substantially transverse to the long axis of the associated 
said slot 

18. The fire protection nozzle of claim 16. wherein 
said channel has an axis generally aligned with a radial 
line drawn fi:om the axis of the diffuser element 

19. The fire protection nozzle of claim 16, wherein 
said channel has an axis substantially transverse to the 
long axis of the associated said slot 
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[57] ABSTRACT 

A fire protection sprinkler including a frame having an 
outlet opening for fire extinguishing fluid and spaced 
apart frame arms extending from the outlet opening to 
provide a suppon at a location spaced from the outlet 
opening, a sealing member covering the opening, a 
thermally responsive member connected between the 
sealing member and the support to seal off the opening 
during normal temperature conditions and to release the 
sealing member during abnomally high temperature 
conditions, an adapter member attached to the frame, 
one or more pins that are supponed by the adapter 
member, and a deflector that is siidably mounted with 
respect to the adapter member via the pin or pins. Also 
disclosed is a clip that retains the deflector in the re- 
tracted position in a releasable fashion. 

26 Claims, 4 Drawing Sheets 
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1 

FIRE PROTECTION SPRINKLER 

BACKGROUND OF THE INVENTION 

The invention relates to concealed fire protection ^ 
sprinklers having movable deflectors. 

Fire protection sprinklers employ deflectors to 
spread out fire extinguishing fluid to cover a desired 
area. Some types of fire protection sprinklers employ 
movable deflectors that are in a retracted position when 
the sprinkler is inactive and in an extended position 
when the sprinkler is discharging fire extinguishing 
fluid. 

Such movable deflectors are employed in concealed 
sprinklers that have covers that are installed flush with 
the ceiling mounting surface and which extend when 
the thermally responsive element of the sprinkler is 
exposed to a predetermined, elevated temperature. The 
deflector is in a retracted position above the lower sur- 
face of the ceiling when inactive and in a lowered posi- 
tion near or below the ceiling when active so as to 
spread the fluid out over a desired area in the room 
below, during a fire. 

Anderson U.S. Pal. Nos. 4,014,388 and 4,066,129 
describe concealed sprinklers with drop down deflec- 25 
tors that are supported by pins that slide within holes 
passing through arms of sprinkler frames, the pins ex- 
tending upw^ard into the space between the frame arms 
when in the inactive position. Leininger et al. U.S. Pat, 
No. 4,880,063 describes a concealed sprinkler with a 30 
drop down deflector that is supported by pins that slide 
within bosses that extend to the side of and are formed 
integrally on arms of a sprinkler frame. 

SUMMARY OF THE INVENTION 35 

In one aspect, the invention features, in general, a 
sprinkler that employs a movable deflector that is slid- 
ably mounted via one or more pins for movement be- 
tween inactive and active positions on an adapter mem- 
ber that in turn is attached to and located outside the 40 
frame of the sprinkler. The use of an adapter member 
permits one to use standard sprinkler parts for the re- 
mainder of the sprinkler, and thus avoids the need to 
design a special frame and do extra machining to the 
frame arms to provide holes and /or space to accommo- 45 
date the slide pin or pins into the design. 

In preferred embodiments the adapter member is 
elongated, is attached at a central location to the bottom 
of the frame directly under the outlet opening of the 
sprinkler, and has arms that are directly under and ex- 50 
tend beyond the arms of the frame. The pins are located 
outside of the frame arms. The adapter member arms 
are in close proximity to the bottom surfaces of the arms 
of the frame (e.g., less than J'' away and preferably less 
than 1/16" away). The lower surfaces of the frame arms 55 
have portions that are at angles to and extend away 
from the horizontal, and the upper surfaces of the 
adapter member arms have portions that are similarly 
shaped and angled (e.g., within five degrees of each 
other). The upper surfaces of the adapter member arms 60 
are arcuately shaped to help prevent flow detachment 
from the adapter member arms, and are also streamlined 
to help prevent flow detachment from the frame arms. 
The adapter member has a longer vertical dimension at 
ponions where the pin holes pass through than at the 65 
central portion connected to the frame, and the pin 
holes are longer than the width of the pins (preferably 
greater than 1.5 times the width of the pins and most 
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preferably greater than 2 times the width of the pins). In 
the preferred embodiment, the adapter member is made 
of sintered metal, permitting the holes to be incorpo- 
rated during the sintering process, thus avoiding the 
need to machine holes, and has a flat bottom. The 
adapter member is connected to the frame by riveting 
or staking. The preferred application for the sprinkler is 
as a concealed sprinkler having a mounting cup that is 
connected to the frame and a temperature sensitive 
means such as fusible solder that secures the cover to an 
enclosure which, in turn, is threaded into the mounting 
cup when completing installation of the sprinkler. The 
deflector is longer along a longitudinal deflector axis 
that intersects and is perpendicular to longitudinal axes 
of the pins than along a transverse axis. 

In another aspect, the invention features, in general, a 
fire protection sprinkler having a movable deflector 
that is slidably mounted with respect to the frame and a 
cHp that retains the deflector and thus protects it from 
damage during shipping and initial installation of the 
sprinkler, e.g., prior to finishing of the ceiling. 

In preferred embodiments the sprinkler has a mount- 
ing cup that is connected to the frame and has an end 
adapted to be threadably connected to an enclosure, 
and the clip is attached to the mounting cup in a manner 
that prevents attachment of the enclosure to the cup 
while the clip is still in place; this guarantees that the 
clip will not be inadvertently left in place where it 
might inhibit operation of the sprinkler after the enclo- 
sure has been attached. The frame is mounted with the 
outlet opening directed downward. After removal of 
the clip, a cover plate is connected to the mounting cup 
via an enclosure. The clip has a U-shaped portion that 
engages the bottom edge of the mounting cup. The clip 
also has an inclined surface that releases the deflector as 
the deflector is biased to move from its retracted posi- 
tion toward its active position, e.g., by the force of fire 
extinguishing fluid flowing from the outlet, thus permit- 
ting operation of the sprinkler, due to abnormal heat 
such as caused by fire, after preliminary installation of 
the sprinkler but before installation of the subassembly 
consisting of the enclosure and cover. Another feature 
of this invention involves the retention of the deflector 
in its retracted position by the cover plate. When the 
cover plate drops in response to an abnormally high 
temperature condition, the deflector also drops. Be- 
cause the deflector moves away from the thermally 
responsive element which seals the fluid opening, the 
flow of heated air around the thermally responsive 
element is increased, and more rapid sprinkler actuation 
is achieved. A further advantage of this invention is 
achieved by designing the deflector such that, even if 
the deflector does not drop below the position in which 
it rests against the cover, the flow distribution provided 
by the deflector is not significantly affected. To take full 
advantage of this feature, the outside area of the deflec- 
tor is formed with a generally downward shape, and the 
enclosure has a large enough diameter to ensure that it 
does not significantly affect the flow of water distrib- 
uted off of the defiector. When the deflecior rests 
against the cover plate, some heat from the cover plate 
can be conducted into the deflector as the cover plate 
heats up. This could slightly retard cover plate actua- 
tion time in response to an abnormally high temperature 
condition. However, this effect is made relatively insig- 
nificant by minimizing the contact area between the 
cover plate and deflector. In the preferred embodiment, 
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the two surfaces contact only at the lower ends of the lower ends 50 to deflector 15. and have enlarged heads 

pins. Further retardation of heat transfer can be 42 m their upper ends. Pins 14 have a 0.125 ±0 00'" 

acnieved by attaching a thin, thermally insulating mem- outer diameter, and holes 36 have a 0.140±00015" 

ber such as paper, between the deHecior and the cover inner diameter and are 0.375" long (the same dimension 

^ t^'. . ^ , 5 as the height of end blocks 38). These dimensions permit 

Other advantages and features of the invention will pins 14 and deflector 15 to freely slide owing to gravity 

be apparent from the claims and the following descrip- when released but to be sufTiciently firmly held when in 

tion of the preferred embodiment thereof the dropped position during discharge of Huid so as to 

DESCRIPTION OF THE PREFERRED hinder the ability of deflector 15 to distribute water. 

EMBODIMENT '° length of the holes should be generally greater than 

•n.= _ f J u J- ... 1.5 times their diameter and preferably greater than 2.0 

rhe preferred embodiment will now be described. times their diameter to provide sufficiently fmn support 

DRAWINGS deflector when dropped. 

CIO 1 • • . • . . "PP^*^ surfaces 43 of adapter arms 40 have 

,1 f r sectiona view, partially broken 15 curved edges, and are m close proximity to (e.g., about 

away of a fire protection spnnUer according to the 1/32" away from) lower surfaces 44 of the frame arms 

invention shown mounted in a ceiling section. 30. This acts to reduce disruptions of the flow stream on 

thfFYr r^^'^?"'"'''''"^'^ "^'^^P'^''"^'"''^'""'" ''^^ 3" ^"'^ ^'^^P^^'- 40. permitting 

pu- , • ''i^* . ... frame anns 30 and adapter arms 40 to act hydraulicalJy 

FIG. 3 is a honzontal secnonal view, taken at 3-3 of 20 as a single surface, as described below. Adapter anns 40 

Pir f '"'"^ components of the FIG. 1 sprinkler. areaboul 0.100" wide where they connect to end blocks 

.Z\^'J K ^" u'^Xf P^"'*"^ '8 and gradually increase in width as they get closer to 

Fir ! f "''"^^.'"''"^^ *e FIG. 1 sprinkler. the centra! portion. The edges of the upper surface 

kl^ nf '^n t of the FIG. 1 sprin- have about 0.040" radii. Upper surfaces 43 are angled Vt 

kler of an enclosure subassembly pnor to installation of 25 about the same angle as the lower surfaces 44 of frame 
Fif- ^i'ic , 1 .• , • c . ^, surfaces 44 in fact make about a 45 de- 

kle^Sith hV^l i "'T f'^:- n^°- * 'P""- ^"^'^ ^''^ horizontal, and upper surfaces 43 

active Dosiiion ' ^" ^ '"^^''^ '""'"^^ ^^'^ °^ « degrees with 

the horizontal in order to accommodate tolerances asso- 

STRUCTURE, MANUFACTURE, AND USE ^ f"™^ ^■ 

D„f .„„, _ . . , Mounting cup 3 is retained against frame 6 by E-rine 

Referring to the figures, and m particular to FIG. 1, 16. Enclosure 4a has protuberances 46 that engaef 

ce ling section 22 and extending through opening 24 plate 5 is secured to flange 57 of enclosure 4a via te.^- 
Sa«Sr r^",? f^T"^'°^ P^"^"^^ ^"^'"^^ fusible solder, not shown, that mehs 

sub^sembfvTlnr ^' temperature of the enclosure and cover plate. Sping 19 

subassembly 4 (FIG. 5). ^ biases cover plate 5 downward. Enclosure 4a with 

Sprinkler subassembly 1 is made of standard sprinkler soldered cover plate 5 and spring 19 form an en^loTure 
pans, namely frame 6, spring plate 7, button 8, insert 9, 40 subassembly 4 (FIG 5) enclosure 
thennally responsive element 10, and loading screw 11. In manufacture, sprinkler subassembly 1 and deflec 
ni,ifJ M^f r '«'"^i^.'''°se in a sprinkler commer- tor subassembly 2 can be separately assembled (FIG 4) 

unde' aTdSLH ■ °"rH ' ^""'''l' ^"'^ ^"^''^'^ '° ^'"^ °'her by staking the centrS 

h« ^,tu! ^^'.Sner Series trade designation. Frame 6 portion 58 of the adapter member to the portion of the 
has outlet opening 28 for discharge of fire extinguishing 45 frame boss which engages adapter hole 26 Aherna^ 
Sutfet'ot'n'^n.' ^'•^P^" '3 can be attached by riSg 

screw if^ A^J^ '"""T P°"'°" °f fr*^^ 34 which extends below 

Snrino n.,,1 7 ^ 1 ^''V'^ °P'"'"« ^' ^^'^ ^^^^P'" ^^^^^^ SO as to provide 

SZnS h tK ''1 '°" * '^^■^ ^ '"'^ P°«'™ 32. prior to adding deflector IS dn! 

ofr nnlt X h"™""'^ responsive element 10 to seal 50 14 would then be inserted through holes 36 and hoi« in 
off opemng 28 during normal temperature conditions deflector 15. and lower ends M of pins 14 woSfte 
t.!i .0 Hv"* then, dunng abnormally high tempera- rolled or crimped over adjacem portions of deflector W 
L . r- ^"'T.^ "^Tr " '^"^"^ "P^^" '° ^"^^ »5 to pins 14. Mounting cup 3 i Aen 

element 10 from the bottom. 55 ,„ pjace using E-ring 16. Clip 17 (made of a strio of 

n,.^hT ^^'""''y ^ *^^P'^^ *P"»g temper sheet metal) is added to retain deStor 
maS^ of «; '""^ '"'^ ''f 'I " ^5 in the retracted position! resulting S^prettnS^y 

made of stamped brass and has a shape designed to assembly 52 shown in FIG 5 prcummary 
provide the desired flow distribution for fire extinguish- In installation, the upper threaded end of frame 6 of 
bv rSd ^'^^P'";:'^'"^/; ''^<^^i «t "Middle 60 preliminary assembly 52 is thSdId into aTeaded 
by rolled over portion 32 (HG. 6) of frame boss 34, fitting of pipes of a water sprinkler system tha^ have 
whichextendsthroughhole26. Adaptermemberl3has beenLtalled near the structuraSinS^^ Clio 

AdH° " k!' f^^ ""^"^ f • °' ^'^P'" ^ " '^'^ the deflector during shiS 

Adapter member 13 is made of simered metal (brass or preliminary installation 

r„'jTn^!^Ln''r "J'?' r"'^,^ "^'"'^ " ChP " has inclined surface 54 on which deflector 15 

hale iSfHo°„T"^ ^° '^"'"'"^ "'"'^ ^^^'^^ ^" ^^^"^ °f « fi^^ ^fter preliminary installation 

h^L PinoriS T l"!"""^ '° P'*'^"'^ '^'■^^^ ^«"°^«» °f -^hP ".dip " >vould be bent 

holes. Pins 14 slide within holes 36, are secured at their back by the action of downward fluid force on deflector 
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sh^wn'^ Rr/f 1° T^'? ^P""!"^' of claim? wherein said adapter mem- 
shown m FIG 6. Clip 17 also has U-shaped end 56 that ber is riveted to said frame 

sur?fubl«e^hl^' Pr5^™«'"S of the enclo- 5. The sprinkler of claim 1 wherein said adapter arms 

After rnnn tri " P'""'- ^'^^ "P^'^^ ^"^^^^ «hat are arcuate in cross section 

hW6n mr subassem- 5 so as to minimize flow detachment therefrom. 

fhe heliS?i;r;,ic If ^ ■'^'''^'''f * "^^ ^P""'''^^ °^ 5 therein said adapter sur- 

?f encSrl /^^^^^^^^^^ '"^ ^"",^1' ^^"^ ""-^ sufTiciently streamlined so as to minimize flow 

ofenclosure 4 contact ceiling section 22. Deflector 15 is detachment from said frame arms. 

Because con^a^he?'"'"'!? P°^«i°" cover plate 5. 7. TT^e sprinkler of claim 1 farther comprising a cover 

S^ tn h» c u*^*^^ P'^'<^ « connected to said frame by temperature 

s limited to the small areas of the bottoms 50 of pins 14, sensitive releasable means 

wWh"Jl,HL"'"'*""r °[ P'^'«= 5. 8. The sprinkler of claim 7 wherein said temperature 

of coir ""^^^ ''"'^ ^-^l^"^ i"^J"des a mounting cup that 

lare £ndifio!i'X""'\'"''"T^'^.^^ 15 '^^'""^^^'^ »° ^''^ f^""'' « 

fure llTi^ ^ abnormally high tempera- 15 nected to said mounting cup, and a temperature scnsi- 

drolT^ .c^ ^'^ir^^ P'^'^ 5 and deflector 15 tive fusible solder that connects said cov^plate to said 

drop. Because deflector IS moves away from thermally extension 

tW°T^!l"°'"' heated airaround the 9. The sprinkler of claim 8 wherein said extension is 

^ermally responsive eleftient 10 b mcreased. and rapid an enclosure that is connected to said mounting cup via 

sprinkler actuation is achieved. If for some reason de- helical threads 

flector 15 does not drop when cover plate 5 drops, the 10. The sprinkler of claim 7 wher«n the deflector 

flow distribution provided by the deflector is not signifi- rests on the cover plate 

cantly affected because the outside area of deflector IS 11. The sprinkler of ciaim 10 wherein the deflector is 

enl'tth dl^rteMnt''- '"It '"t^"" ' "^ 'r '"^^ 25 ^^'^P^'' ""'^^ "owing from the outle opeS^^^^ 

f?fe^f?>,. n^! r ^"^"^V^V l«„do« "O' significantly does not substantially contact any surfaces of the tern 

affect the flow of water off of deflector 15. perature sensitive releasable means which attaches the 

OTHER EMBODIMENTS P^*'* '° *he frame even when the deflector is 

flth^T ..mh^Mi™^,,, «f .u • .... retamed at the position which it occupies when resting 

Other embodiments of the invention are within the against the cover plate, 

scope of the following claims. u. The sprinkler of claim 1 wherein said adapter 

co^lH t^'""" ' °^ P'"*" ' dir^ectly downstream of and extSd betond 

could be connected to mounting cup 3 by an extension said frame arms, and said adapter member has E 

Ta fire nroT^i^^^ 35 located radially outside of said frame arms. 

I'ftZV^ P," ^o^P^ing 13. Tlie sprinkler of claim 12 wherein said deflector is 

nTLidTnH? f ""^T^ '^"^ '''' « longitudinal deflector axis that intersect 

frL ^If ^"'^"'^"S """^ ''^ perpendicular to longitudinal axes of said pins 

from the outlet opening to provide a support at a than along a transverse axis 

a ItSTJ^y^lt It k""" « "^^ 'P""'^'^^ °f '^l*™ »2 wherein said adapter 

» ^ffZi? ' '"'^'"''^^ has a longer dimension in the direction of fluid 

tt?J L '^^""'"'"'^ ^' P°^'°"'' where said holes pass through Sd 

loen^l ""i"* '""P""' '° "'^ '^'"'^ P°"ion connected To Si'd 

,Tr^ L®,^ cVH^ J™ ♦«'"P,"«tfe conditions and frame, said pins have a width, and said holes are longer 
to release said sealing member dunng abnormally 45 than the width of the pins 

high temperature conditions, 15. The sprinkler of claim 14 wherein said holes are 

"strea'm of ^d"'?rr T''' "'f °- °-*alf times the w StS o? Jd 

stream of said frame from said outlet opening, pins 

I ^intt^.u^^"^^ ^, ^''^ ^"^P*^' "The ''Prinkler of claim 14 wherein said holes are 
a deflector that ,s slidably mounted with respect to 50 longer than twice the width of said pins. 

whereinS'/HTrr . ■ ^P""^!" wherdn said frame arms 

J « n^, ^ ^ , T.^^' «/longated, attached have downstream surfaces, and said adapter arms have 

fr,LTr „ r " 'V P"'"^"" °^ "P*«'-^^'" ^^^'^^^ 'h^t are less than j" away from^d 

frame directly m line with the flow of fluid from downstream surf-aces y irom saia 

sprinkler, and has adapter 55 18. The sprinkler of claim 17 wherein said upstream 

arms that are downstream of said frame arms, and surfaces are less than 1/16" away from said downstr^ 

wherem said pm IS supported by one of said adapter surf^aces y irom saio aownstream 

^ed'Tv ^^!^^rH '^"T^?"^ I P'" """P- The sprinkler of claim 17 wherein said down- 
ported by another of said adapter arms, and stream surfaces of said frame arms have portions that 

resScMo^Sd adfn^^^^^^ '''T' ^ are at acute angles to an axis along the dire^Sf fluS 

r^pect to s»id adapter m ember via said second flow out of said outlet opening, and said upstream sur- 

■> Th^ <■ t ■ , ^ . faces ofsaid adapter arms have corresponding portions 

JJ^X?A ^ I, °Lf ^ 'P""'''^' ♦"'^^ ""gl^ with said axis that are within five de- 

Z^wlrr^^T '° w'th said outlet open- grees of angles of said downstream surfaces. 

oLted Sr saW^Tam; ' ^ ^"""'^ °^ " -"erein said adapter 

3 lh. rnrinifu «fT , u • : . member is made ofsintered metal and has a downstrkam 

3. TTie spnnkler of claim 1 wherein said adapter mem- surface that is essentially flat 

ber is made of sintered metal. 2I. A fire protection sprinkler comprising 
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a frame having an outlet opening for fire extinguish^ 
ing fluid and spaced apart frame arms extending 
from the outlet opening to provide a suppon at a 
location spaced from the outlet opening, 
a sealing member covering the opening, 5 

a therma]Iy responsive member connected betu-*een 
the sealing member and the support to seal off the 
opening during normal temperature conditions and 
to release said sealing member during abnormally 
high temperature conditions, 

a deflector that is slidably mounted with respect to 
said frame from a retracted position close to said 
frame and an active position further away from 
said frame than said retracted position, and 15 

a clip that is releasably connected to said frame and 
retains said deflector, preventing movement of said 
deflector with respect to said frame during normal 
temperature conditions, 

further comprising a mounting cup that is connected 
to said frame and has an end adapted to be con- 
nected to a cover plate via an 'extension, and 
wherein said clip is positioned so as to prevent 
attachment of said extension to said mounting cup 
while said clip is still in place. 

22. The sprinkler of claim 21 wherein said clip has a 
U-shaped portion that engages the mounting cup at said 
end. 

23. The sprinkler of claim 21 wherein said frame is 30 
adapted to be mounted with said outlet opening di- 
rected downward. 
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24. The sprinkler of claim 23 wherein said extension is 
an enclosure, the connection of the mounting cup to the 
enclosure adjustably controlling the distance from the 
cover plate to the frame. 

25. The sprinkler of claim 24 wherein said mounting 
cup is connected to said enclosure via helical threads. 

26. A fire protection sprinkler comprising 

a frame having an outlet opening for fire extinguish- 
ing fluid and spaced apan frame arms extending 
from the outlet opening to provide a support at a 
location spaced from the outlet opening, 

a sealing member covering the opening, 

a thermally responsive member connected between 
the sealing member and the support to seal off the 
opening during normal temperature conditions and 
to release said sealing member during abnormally 
high temperature conditions, 

a deflector that is slidably mounted with respect to 
said frame from a retracted position close to said 
frame and an active position further away from 
said frame than said retracted position, and 

a clip that is releasably connected to said frame and 
retains said deflector, preventing movement of said 
deflector with respect to said frame during norma] 
temperature conditions, 

wherein said clip contacts said deflector at a surface 
of said clip that is inclined so as to release said 
deflector as said deflector is biased to move from 
said retracted position toward said active position 
due to the flow of fire extinguishing fluid from said 
outlet opening. 

***** 
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[57] ABSTRACT 

A sight flow indicator for visually indicating fluid flow 
through a conduit including a housing that has an inlet 
and an outlet and defines a flow passage between the 
two, the flow passage mcluding a sighting region and a 
downstream restricted region that has a smaller flow 
area than said sighting region, a window in the housing 
providing viewing of the sighting region, and an elon- 
gated member that is located in the sighting region that 
is too long to move from the sighting region into the 
restricted region and is sufficiently smaller than the 
sighting region so as to be capable of vibrating about in 
the sighting region in response to flow of fluid there- 
through. 

11 Claims, 1 Drawing Sheet 
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SICTfr FLOW INDICATOR DESCRIPTION OF THE PREFERRED 

EMBODIMENT 

BACKGROUND OF THE INVENTION FIG. 1 is a front elevation of a sight flow indicator 
The invention relates to sight How indicators used to ^ according to the invention. 

visually indicate flow through a conduit. ^ * ^'^^ elevation of the FIG. 1 indicator. 

Sight flow indicators are often connected to a conduit STRUCTURE 

to provide a convenient way of ascertaining whether a d r • 

fluid is flowing through the conduit, for example to see - 3^'^™S * and 2, housing 12 of sight flow 

iffluid is flowing through an automatic sprinkler system "^°»<»*0'^ 1" ^ threaded inlet 14, threaded outlet 16. 

conduit during testing of a fire protection system- 5^^* between the two. Housing 12 has a 

Lewis U.S. Pat No. 1.179.441 discloses a sight flow configuration with transverse threaded openings 

indicator that has an inkt and outlet for comiecSon to a ?„m , '"^T ""^^ 1?'"' '^'^^ 

pipe and employs two windows located on oppoi^ ^^Ig^f^Xl^J''^^^'^ -^.'^'^T 

endsofasightingregionofaflowpassageofthebdka. ,^*=«^8°f '"8l^'»8re^o°2ff between them. The a«s of 

tor to oermit vfewk^e of hnhh^ nft,!^ii threaded opemngs 20 is perpendicular to flow axis 28 

S^ongh'T^a^X UiSS^ l*.^ Hongated member 30 is 1.. 

bid w^erwJ^inth^Se ruS^ScLSS^' S " ""^""^ ""^ "^"^ ""^ 
a fla* hght would sometimes be used to assist in view- 20 Inlet 14 and ouUet 16 are threaded to receive 1}" 

rv(.«,'-i-.i.. n • J- ■ . ;. threaded pipe. Just inward of the threads of inlet 14 and 

^rf^i . V ir^^^^ '^^^ ^^^^'^ 32 between inlet 14 and sighting re- 

tor devic^ consistog of a bladed element (FIG. 1) or gion 26 and between sighting region 26 and outlef 16. 

?^7nf«f ^ Nuts22havea0.94"innlrdimetIr.Elongatedm^^^^^^^ 

A520,8G9, which Shows a piston that is displaced to 30 is a circular cross section nylon rod that is 3 62" lone 

indicate a flow condition; and Akhtarekhavari U.S. Pat. and has a diameter of 0.44", Nuts 22 are threaded into 

No. 4,474,209, which shows an impeller that is rotated their respective threaded openings so that the ends of 

within a glass cylinder by fluid flow. elongated member 30 are in close proximity to windows 

SUMMARY OF THE INVENTION ^'^^^^ V^""^ ^" ^^^^^^^^^S 

^^^^ sides. Flow passage 15 mcreases at the transitions be- 
lt has been discovered that an improved sight flow tween the restricted regions 32 and the transverse 
indicator could be provided by placing an elongated threaded openings 20, Flow passage 15 is thus larger in 
member in a sighting region of a flow passage of the sighting region 26 than it is in restricted regions 32 such 
indicator. The elongated member is too long to move that the presence of the elongated member 30 has no 
from the sighting region into a restricted region down- significant effect on the pressure loss due to flow 
stream of the indicator and is sufficiently smaller than through the housing 12. 
the sighting region and supported so as to be capable of opft? axiom 
vibrating about in the sighting region in response to w^xij^ih^in 
flow of fluid therethrough. The elongated member de- operation, indicator 10 is threaded to a conduit, for 
sirabiy provides an indication of fluid flow when fluid example, a valve that is located in the drain line of a fire 
conditions such as transparency, turbidity, lack of en- Protection sprinkler system and which is used during 
trained particles or bubbles, etc., may make such obser- ^^^^B of the system. When fluid flows through flow 
vations difficult or impossible. passage 15, elongated member 30 is caused to vibrate, 
In preferred embodiments, an end of the elongated Pfo^^S an easily discernible visual mdication to a 
member is adjacent to a window in the sighting region viewer looking through a window 24. Elongated mem- 
and tends to sweep across the window and prevent ^ ^ '"^^^ ^^^^ sighting region 26 into 
accumulation of material that would otherwise impair restncted region 32 downstream of the elongated 
viewing through the window. There are normally two is sufficiently smaDer than sighting re- 
windows, and they are located adjacent and outboard of ^ and supported so as to be capable of vibrating 
the ends of the elongated member. The elongated mem- T^T.u ^^^^ response to the flow of 
ber is placed across the flow path (most preferably ^^^J^T Tf"' ^ Tn'^^'^ movem^it of the 
perpendicular to the direction of flow . The member is f^^.f/^^^J^f '^^^ 

made of plastic material (most preferably nylon). TTie ss S t d Li '° "^^^ '^T"^' surfaces of the windows 

elongated member has a circular cross section and has a ^er^l ^ P'"''""' accumulauon of materials 

diameter that is less than § (most preferably between i t-, ^ ■ » • * • , 

and i) of the flow diameter of theToW^ST^e • ^P"^^ mdicaUon Ui thus provided by a 

stricted region and that is less than i. S^p^J^y Tw ^f^S^uTh H/t^t*^ '° 

tvtw#>«i I <,T,A 3\^tn,^!-t t J- » r ^ • L . °' through It as the flow area mcreases at 

^i^^r^S «° sighting region 26 to make up for flow area bloc^by 

Z° atS^rlt' ? of .th* elongated member. The elongat^ member 30. Indicator 10 wo^rtypSy be 

elongated member has a simple shape that provides a employed with flow axis 28 in a vertical oriente^on but 

mumnum of resistant through the passage and, wouU also work in a horizl JSen ~o ^t ^ 

owmg to Its natural flmd dynamic instability, remains in angle with the horizontal """^"""O" °' ^t an 
a vibrating type motion under flow conditions. 65 

Other advantages and features of the invention will OTHER EMBODIMENTS 

ferrtnT '"""^^'^B description of a pre- Other embodiments of the invention are within the 

ferred embodmient thereof and from the chums. scope of the foUowing claims. For example, other 
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shapes and sizes could be employed for the elongated 
member. Materials other than nylon could be employed 
for the elongated member. Other means of support of. 
the elongated member in the fluid path and within the 
sighting region may be used. These support means may 
include, but are not limited to, having an elongated 
member with tubular ends bearing on a pin sufficiently 
smaller in outside diameter with respect to the inside 
diameter of the recess in each end of the elongated 
member or suspending the elongated member (Le,, 
hanging), such that it is capable of moving in the sight- 
ing region in response to fluid flow. 

The ends of the elongated member adjacent to the 
view windows may be contrastingly colored or specifi- 
cally shaped to enhance the visual indication of move- 
meat to a viewer looking through a sighting window. 
The relationship between the physical geometry of the 
elongated member, the size of the sighting region, the 
size of the i^tream restricted region, and the size of the 20 
downstream restricted region may be varied to provide 
for the desired vibratory movement of the elongated 
member over a wide range of fluid densities, viscosities, 
and compressibilities without unduly hindering flow. 
The degree of vibratory movement of the elongated 
member can also be further modified by controlling the 
turbulence of the flow upstream of the inlet of the sight 
flow indicator. 

What is claimed is: 

1. A sight flow mdicator for visually indicating fluid 30 
flow through a conduit ccnnprising 

a housing that has an inlet and an outlet and defines a 
flow passage between the two, 
said flow passage including a sighting region and a 
restricted region that is between said sighting 
region and said outlet and has a smaller flow area 
than said sighting region, 

a window in said housing providing viewing of said 
sighting region, and 

an elongated member that is located in said sighting 
region and is too long to move from said sighting 
region into said restricted region and is sufficiently 
smaller than said sighting region so as to be capable 
of vibrating about in said sighting region in re- 
sponse to flow of fluid therethrough, and 

wherein said elongated member is disposed m said 
sighting region such that its longitudinal axis is 
essentially perpendicular to the direction of flow 
from said inlet to said outlet. 

2. The indicator of claim 1 wherein an end of said 
elongated member is adjacent to said window. 

3. The indicator of claim 2 wherein there are two said 
windows adjacent to and outboard of the opposite ends 
of said elongated member. 

4. The indicator of claim 1 wherein said elongated 
member is made of a plastic material. 

5. The indicator of claim 1 wherein said elongated 
member has an external circular cross section. 
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6. The indicator of claim 5 wherem said housing has 
an internal circular cross section about the ends of said 
elongated member. 

7. The indicator of claim 5 wherein said restricted 
region has a circular flow area. 

8. A sight flow indicator for visually indicating fluid 
flow through a conduit comprising 

a housing that has an inlet and an outlet and defines a 
flow passage between the two, 
said flow passage including a sighting region and a 
restricted region that is between said sighting 
region and said outlet and has a smaller flow area 
than said sighting region, 

a window in said housing providing viewing of said 
sighting region, and 

an elongated member that is located in said sighting 
region and is too long to move from said sighting 
region into said restricted region and is sufficiently 
smaller than said sighting region so as to be capable 
of vibrating about in said sighting region in re- 
sponse to flpw of fluid therethrough, 

wherein said elongated member has an external circu- 
lar cross section, 

wherein said housing has an internal circular cross 
section about the ends of said elongated member, 
and 

wherein said elongated member has a diameter that is 
less than | of the internal diameter of said housing 
about the ends of the elongated member. 

9. The indicator of claim 8 wherein said elongated 
member has a diameter that is between J and J of the 
internal diameter of said housing about the ends of the 
elongated member. 

10. A sight flow indicator for visually indicating fluid 
flow through a conduit comprising 

a housing that has an inlet and an outlet and defines a 
flow passage between the two, 
said flow passage including a sighting region and a 
restricted region that is between said sighting 
region and said outlet and has a smaller flow area 
than said sighting region, 

a window in said housing providing viewing of said 
sighting region, and 

an elongated member that is located in said sighting 
region and is too long to move from said sighting 
region into said restricted region and is sufficiently 
smaller than said sighting region so as to be capable 
of vibrating about in said sighting region in re- 
sponse to flow of fluid therethrough, 

wherein said elongated member has an external circu- 
lar cross section, 

wherein said restricted region has a circular flow 
area, and 

wherein said elongated member has a diameter that is 
less than | of the diameter of said restricted region. 

11. The indicator of claim 10 wherein said elongated 
member has a diameter that is between J and i of the 
diameter of said restricted region. 
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ABSTRACT 




A heat-responsive element has two links joined with a 
thin solder layer in a face-to-face relationship over an 
extended surface area. The components of opposed 
surfaces of the links in contact with the solder layer and 
the solder layer are adapted to alloy with each other in 
the regions immediately adjacent each opposed surface 
to form alloy bonds between the opposed surfaces and 
the solder layer. The strength of these bonds is greater 
than the strength of the solder layer. At least the op- 
posed surfaces of the links consist, at least m part, of an 
alloy-forming amount of nickel, cobalt, chromium or 
iron, or an alloy of nickel, cobalt, chromium, or iron. 
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m. . According to another aspect of the invention, the 

EXEMENT FOR FIRE heat-responsive element is 4d in combination^th^ 

PROTECnON SPRINKLERS OR THE LIKE fire protection sprinkler head of the type incluZg a 

base having a throat of predetermined cross-section 
BACKGROUND OF THE INVENTION 5 through which a stream of fire retardant fluid can flow. 

This invention relates to heat-responsive elements. The invention provides a heat-responsive element 

Heat-responsive elements formed from two pieces of ^ & variety of applications e.g., fire sprinklers, 

metal attached with a layer of fusible solder have been ^""^ alarms and heat detectors. The fuse temperature of 
used in fire protection devices, alarm devices, and the element remams essentially constant over the life- 

like to permit these devices to be operated automati- ?^ device due to limited diffusion to and firoin 

cally at some predetermined critical temperature. When ^ members and the ability to restrict tiie alloy 

this temperature is reached, the solder joint ruptures, immediately adjacent the opposed 

thereby activating the device, e.g., to release fire sup- surfaces (rather than allowing alloying to extend 
pressant material, or to sound an alarm. Pappas et aL ^o^gh the solder layer thickness as a result of diflu- 
U.S. No. 4,170,189 describes a heat-responsive element occurring over time). Thus, the element performs 

specifically for use with an alarm. Two thin link plates, reproducibly and reliably over time. Furthermore, by 
at least one made of a material, e.g., stainless steel *o™"ig alloying bonds between the link members and 
which does not alloy significantiy with solder, are l^^®'* stronger than the solder layer, 

joined face-to-face witii a thin solder layer. The bond ^^rii^^ limited by tiie load-carrying ability of the 
between the link plate and solder is weaker than the ^ solder-layer, therd>y minimizing tiie chances tiiat the 
solder layer itself, and the metal/solder bond ruptures operatmg temperature at which tiie element is 

as tiie critical temperature is neared. activated will be different from tiie pre-detennined fuse 

temperature. Moreover, the use of a thin solder layer 
SUMMARY OF THE INVENTION (e.g., approximately 0.001 inch or less, where tiiis figure 

In general, tiie invention features a heat-responsive .^^ S''^''?,^ the thickness of botii the unaUoyed solder and 
element tiiat includes two link members joined witii a r mterfacial metal/solder regions) results in 

tiim fusible solder layer in a face-to-face relationship faster response tune and reduced creep efl-ects. 
over an extended surface area. The components of tiie fY"^ ^vantages of tiie invention will 

opposed surfaces of tiie link members in contact witii ^^fPP^«^t t«>°J tiie followmg description of a pres- 
tiie solder layer and tiie solder layer are adapted to alloy Preferred embodunent, and from tiie claims. 

v»dth each other in the regions immediately adjacent PREFERRED EMBODIMENT 

each of the opposed surfaces to form alloy bonds be- w r * u • n ^ ^ t_ , 
tween these .surfaces and the solder layer v,ho^ We first bnefly descnbe the drawings, 
strength is greater than the strength of the solder layer. „ Ll^ Perspective view of a heat responsive 

In this way. when the fuse temi^ature of the el Jent " JSe eta of 7^ %^°,^ " IT 

a.e.. the temperature at which the solder melts, thereby J* t^^!^ ^1 ^^'i^^t^fi^^ 1 1 
disengaging the link members) is reached, the solder V^^Jt^ ' , .f ^ 

joint is broken through the solder layer. raU>er than at l?J^, T** °^ '"^ °f 

the metal/solder interface. At least, th^ opposed sur- ^ , ^ "T** • , « 

faces of the link members incl^ an alloVfonrTg kirL^HiLTr; u°".'P'^- 
amount of nickel, cobalt, chromium, iron, or L aUoy of l^r ^Tl'-"''^'^-^ ?^ the mv^n- 

one or more thereof, with nickel and its alloys being the S^f Smr 2 "^^^ "'""^ 

most preferred. ^r-^^ I- ■ ■ , . 

In other preferred embodiments, when the surfaces of 45 fi^^!^!:^fTT": "^""^ "^T 
the link are nickel, the solder lay^r preferably incS STtT^SoI 

tm, cadmium, indmm, or a combination thereof, and the tttj- i ^ *. • i ^ 

So^ Sfl^tL^ f "^"^ the^^^^K as^Jiii^'S^^ 

alloy, mckel-cadmmm aUoy, or a combmation thereof. members 12 ma lO id nrrrTinw I-T 1 
TTie solder layer may also include an alloy.forming 50 S>^g a mS^utJS^ L^g a ?^^' '^ 

T« o+;'n r J !_ J. . . ^ thickness, t, about 0.006 inch, separated bv 

atn^^S embodiment^ thefuse temper- a thin layer of solder 16. of thickness, S. approximTtdJ 

v,W 1 ^ ^ O OOl "'^h- Link member 14 defines a p;ir of aligmnen^ 

^^bv^or?^ T,^ "'"ir'.'fS 55 dimples 20 that are received in corresponding aiS^ 

layer) by more than 3.5% over the hfetime of the ele- 22 of link member 12. The ends of each 1^ are de- 

A^rot'aTl^ti? ^JT7 ^^'^ "^JP- 24 for affecting air flow JbSStS liS. 

J^rl,fo^i^c • Suppression. Fast Re- Thin link plates having a large surface-area-to-thickness 

^^Tni^^*^ P*^" Pf^rP^i-" ««o are desirable because they coiiduct heat to the 
^'f/)' «*««"''«L'.'' "nore cietad below. Fur- 60 solder faster, thereby decreasing the time it takes for the 
^^^If • f 7^! °^ »° 'each its fuse tempe^ture to cause operation 

preferably is less than 65 si ft} (e.g.. between 40 and 65 of the device into which the element is incorpoS A 
s fll) as measured by Factory Mutual Research Corp. portionof the solder layer is aUoyed with the surfaces of 
Approv^ Standard for Early Suppression, Fast Re- the two plates to form an interfacial aUoyed region that 
f^^r ^""iTf^^J^J^^^ P^g'aph 65 bonds the solder layer on both sides to the plates. 

5.24 (June 18, 198<9, dwcnbed m more detail below. Preferred materials for the entire plate or just the 

"Z™^"" ^ method of preparing surface are nickel, cobalt, chromhim. and iron (or alloys 

such heat-responsive elements. having a high. e.g.. greater than 40%. content of oneTf 
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these elements) for the reasons given below. Surface ergy for self^ffusion for nickel, accordingly, is on the 

coatings are preferably formed by sputtering. The sol- order of 1.5 times that of copper, 

der may also contain one or more of these elements. The second type of diffusion is inter-diffusion, which 

Materials that alloy with each other to form an alloy involves the migration of one atomic species in one 

that IS stable over the temperature range to which the 5 direction and a second atomic species in the opposite 

elemait will be subjected in actual use are selected by direction, each down a concentration or activity gradi- 

referring to tengjerature-composition phase diagrams. ent Although the activation energy for inter-diffusion 

Such phase rfi a gr a m s may be found in references such as differs from that of self-diffusion, the rate of inter-diffu- 

Staudhanuner and Murr, Atlas of Binary Alloys, A Peri- sion is also mfluenced by the rate of vacancy formation. 

odic Index, Nfarcel Dekker, Inc. (1973) and Hansen, ^0 The more vacancies there are in a mafffrifll, the more 

Constitution of Binary Alloys, McGraw-Hill (1958). The places there are into which a second atomic species can 

inost stable alloys will be those having the most nega- migrate. Therefore, the use of relatively high melting 

tive Gibbs free energy of formation. For example, point materials also minimizes the rate of inter-diffiision 

where the link plate is nickel and the solder is a tin^ead therefore the rate of change in fuse temperature), 

eutectic, a stable alloy will form between the nickel and Diffusion can also be influenced by mechanisms such 

tin but not nickel and lead. Nickel also forms suitable ^ electric fields and local states of stress. Residual 

alloys with cadmium and indium. Cobalt plates may be stresses can be caused by the forming operations used to 

used with solders containing indium or tin, while chro- fabricate the link plates. As temperature increases and 

mium may be used with indium-containing solders. recrystallization occurs, the boundaries separating ' 

It is also desired that the intermetallic boundary layer ^ stressed and unstressed areas move; the net effect is a 
alloy be stronger than the unalloyed portion of the cliange in the vacancy concentration and rate of diffu- 
solder layer so that when the fbse temperature is ^"^^ effects are also minimized by using high- 
reached, the element fails within the solder layer, rather melting point elements such as nickel because these 
than at the metal/solder interface. The problem with elements also have relatively high recrystallization tem- 
elements that fail at the interface is that the actual tem- peratures. For example, the recrystallization tempera- 
perature at which the alloy bond in the interfacial re- ^^^^^^ ^^^^ ^ ^ whereas the value for 
gion fails may be different from tiie intended predeter- ^^^^^ ^ ^• 

mined fuse temperature. By restricting failure to tiic mmumze diffusion even further, the link plates 

solder layer by making it weaker than die aUoy bond ^ provided with a diffusion barrier 15 (FIG. 3). 

the actual operating temperature is the same as the matenal that is solderable with proper fluxing, 

predetermined fuse temperature because this latter tem- responsive element of the invention may be 

perature is dependent upon the properties of the solder u ^ ^^PJ ^^^^ ^ typi^al sprinkler head, e.g., 

In order for^tiie heat-responsive element to perform ^^""^^f 9J^I' ^ ^^"^^ sprinkler head 40 
reliably in actual operation, it is hnportanttiiat the pre- „ T^SjJ}' ^ described m Pounder U.S. Pat. No. 

determined fiise temperature remain constant over the , the disclosure of which is mcorporated 

lifetime of Uie element In many heat-responsive ele- J.'^'^^^.'l!'^^^^ ^L?^^^^ ^ ^ ^^^J^ 

ments, the fuse temperature changes over time because ^ connection to the outlet of a fire 

of atomic diffusion between die solder and link plates. ^^.^ ^ ^ 
Diffusion changes the composition of the solder, which 4. "^!L?tH?^t^^f 

in turn changes the fuse temperature of the dement f^^Z^,^' f predetermmed cross-secUon Extend- 

Because diffusion is a thermally activated process the ^L^^J" f ''P?''''^^ ^"^^ 

rate of diffusion (and thus the change X^Sera! ^TJTf^"* that jom to generaUy conical central 

ture) increases significantly at elevated temSrato^ ^ ^ The boss is supported by the 

There are basi^y twJ^T^S^^Sng ,s ^nT^h ^^^^^n^* ^L^^^'J'^f^^^ 

in a typical heat-responsive d^ent: self-diffS^d r t • """^^ I ^^'^^ 

inter^ion. Se^iiff^ion ^volv^^e^^^ £ons A^T L^^^^^^ of relatively large fluid 

activated motion of atoms within a volume of the same tt r^Ve^,/^^^^^ P"^-^*' 

type of atoms. The activation energy required for self- 30 ^Z^l ^Zf^r^ heat-respor^ve assembly 

diffusion is equivalent to the energy nec^sary to fo^^^ ^^^^^ ^^^:r«*P<>'^^e element 10 ^ 
vacancv intowhich «fr^ Zl^;^^^^ to torm a 50 tion. Assembly 30, m standby condition, rigidly retains 

Ths. nnT,nZ^t^ti^^ ■ . frame anns has a streamline shape, with a narrow 

turl^s H^^^f l^^^** 8^"^ ^^^P^"- leading edge 31 and a smooth, gradi^l transition to Ui^ 

^te^ " regionofmaximumwidthandalmooth, gradual t^T 

^ P*"?* ^'^^ tion to the narrow trailing edge 32. 

a loSr^r^S^fT'' ^ °P^^***°°' ^^^^ the heat-respon- 

^iJ^^ . u ^ self-d^on. Therefore, it is sive element 10 to actuate and release the valve element 

have relatively high meltmg pomts (such matenals may 60 The fuse temperature of actuation preferably does not 

S,t u«^T"* ^ r"'^^- Nickel.(melting vary by more t^ 3.5% over the lif^e of Ae S 

pomt= 1455 C ), cobalt (meltmg point= 1495' C), as measured by the Accelerated Time Test descrited^ 

2 Sl^ i ^ percentage, dard noted in the Smnmary of the Invmtion. above, 

^■fal mS,1?^' 1 '^T'^'^X '^^ P^c«larly 65 According to this test, at leit 10 sprinklers incorporat- 

tW?r ^ ^J'^" t«°P«='^ture ing die heat element are subjected to the high tesitem- 

there are fewer vacancies m mckel than there are m perature selected according to Table 1 below fm a 

copper (meltmg point=1083- C). The activation en- period of 90 days 
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TABLE 1 


Sprinkler Nomina] 


NominaJ Test 


Fuse Temperature Rating 


Temperature 


68-74* C 


52" C 


9J-I04* C 


79* C 



An automaticaUy controlled, circulating constant-tem- 
perature oven is used for the test At the end of the 90 
day period, the fuse temperature of each sprinkler is lo 
measured according to Factory Mutual Research Corp. 
Approval Standard, page 24, paragraph 5.7 (June 18, 
1986) as follows. 

At least 10 sprinklers incorporating the heat-respon- 
sive element are immersed in a vessel containing water 15 
or vegetable oil (when fuse temperatures greater than 
the boiling point of water are anticipated). The vessel is 
equipped with a soiuice for heating the liquid and means 
for agitating the liquid. The temperature of the bath is 
measured with a thermometer calibrated in accordance 20 
with ASTM standard E-1-80. The liquid temperature is 
raised until it is within 20' F. (1 LI' C.) of the nominal 
fuse temperature of the sprinkler. The temperature rise 
is then controlled at a rate not exceeding 1' F. (0.56' C.) 
per minute until operation of the sprinkler occurs or a 25 
temperature 10 percent above the rated temperature is 
reached. The temperature of the liquid at the time of 
operation of each sprinkler is recorded as the fuse tem- 
perature. 

When subjected to the accelerated testing described 30 
above, the fuse temperatures of sprinklers mcorporating 
a heat element prepared from nickel-containing base 
plates varied by no more than 3.5% from their original 
fuse temperature ratings. 

The Response Tmie Index (RTI) is a measure of the 35 
ability of an element to respond when the fuse tempera- 
ture is r^ched by rupturing the solder joint It is mea- 
sured accordmg to the plunge test described in Para- 
graph 5.24 of the Factory Mutual Approval Standard 
noted in the Summary of the Invention, above. Accord- 40 
ing to this test, at least 12 sprinklers incorporating the 
heat-responsive element at each nommal fuse tempera- 
ture rating are plunged into the test section of a tunnel 
equipped with a mercury plunge switch to start the test 
and a pressure switch to stop the test. The air flow and 45 
temperature conditions in the test section of the tunnel 
are estabhshed as foDows. 



From the response tunes obtained from the above- 
described plunge test, the RTI is calculated according 
to the following equation: 

RTI=t<U)i 

where U is the air velocity in the test section of the 
tunnel (from the above table); and 



Nominal Fuse Temperature 
Rating of Sprinkler fC) 


Tunnel Temperature 


Air Velocity 
(m/s) 


68-74 
93-104 


197 
197 


2.56 
2.56 



Prior to plunging into the test section of the tunnel, 55 
each sprinkler is mounted on a tunnel test section cover 
and maintained in a conditioning chamber to allow the 
sprinkler and cover to reach approximately room tem- 
perature for a period of not less than 30 minutes. In the 
case of a sprinkler with symmetrical frame and operat- 60 
ing parts, six tests are conducted with the frame arms in 
a plane perpendicular to the flow of heated air. Where 
the sprinkler has an asymmetrical thermo-sensitive as- 
sembly, the tests are conducted to evaluate the effect of 
^rinkler position relative to the flow of air (e.g., for a 65 
link and lever type sprinkler, six tests are conducted 
with the link assembly facing upstream and six tests 
with its facing downstream). 



where-t is the measured response time of the sprinkler, 
ATlo is the mean fuse temperature of the sprinkler 
calculated as the difference between the fuse tem- 
perature measured according to the test in para- 
graph 5.7 (described above) and the ambient tem- 
perature; and 

ATp is the plunge test tunnel temperatm-e (from the 

table) minus the ambient temperature. 
When subjected to the above-described plunge test, 
RTI values of sprinklers incorporating a heat element 
prepared from nickel-containing base plates were less 
than 65 si fti. 

The heat-responsive elements are prepared using 
conventional soldering techniques, temperatures, and 
times, such as those described in H. Manko. Solders and 
Soldering (2nd ed.-1979). 
Other embodiments are within the following claims. 
We claim: 

1. A heat-responsive element comprising two Unk 
members joined with a thin solder layer in a face-to-face 
relationship over an extended surface area, 
the components of opposed surfaces of said link mem- 
bers m contact with said solder layer and said sol- 
der layer being adapted to alloy with each other in 
the regions immediately adjacent each of said op- 
posed surfaces to form alloy bonds between said 
opposed surfaces and said solder layer, the strength 
of said alloy bonds being greater than the strength 
of said solder layer, and at least said opposed sur- 
faces of said link members comprise an alloy-form- 
ing amount of a member selected from the group 
consisting of nickel, cobalt, chromium and iron, or 
of an alloy of a member selected from the group 
consisting of nickel, cobalt, chromium, and iron. 

2. The heat-responsive element of claim 1 wherein 
said opposed surfaces of said link members comprise 
nickel. 

3. The heat-responsive element of claim 2 wherein 
said solder layer comprises a member selected from the 
group consisting of tin, cadmium, indium, and a combi- 
nation thereof, and said alloy bonds comprise a member 
selected from the group consisting of a nickel-tin alloy, 
a nickel-cadmium alloy, a nickel-indium alloy, and a 
combination thereof. 

4. The heat-responsive element of claim 1 wherein 
the fuse temperature of said element does not vary from 
a pre-determined value by more than 3.5% over the 
lifetime of the device, as measured by the Accelerated 
Tune Test 

5. The heat-responsive element of claim 1 or 4 
wherein the Response Time Index of said element is less 
tiian 65 s^^s fti. 

6. The heat-responsive element of claim 1 or 4 
wherein the Response Time Index of said element is 
between 40 and 65 si fti. 



4,893,679 



7. The heat-responsive element of claim 1 wherein at 
least one of said link members is provided with a diffu- 
sion barrier. 

8. In a fire protection sprinkler head of the type in- 
cluding a base having a throat of predetermined cross- 5 
section through which a stream of fire retardant fluid 
can flow, 

the improvement wherein 

said fire protection sprinkler head further comprises a 
heat-responsive element comprising two link mem- 
bers joined with a thin solder layer m a face-to-face 
relationship over an extended surface area, the 
components of opposed surfaces of said link mem- 
bers in contact with said solder layer and said sol- 
der layer being adapted to alloy with each other in 
the regions immediately adjacent each of said op- 
posed surfaces to form alloy bonds between said 
opposed surfaces and said solder layer, the strength 
of said alloy bonds being greater than the strength 
of said -solder layer, and at least said opposed sur- 
faces of said link members comprise an alloy-form- 
ing amount of a member selected from the group 
consisting of nickel, cobalt, chromium and iron, or 
of an alloy of a member selected from the group 25 
consisting of nickel, cobalt, chromium, and iron. 
9. A process for preparing a heat-responsive element 
comprismg joining two link members" with a thin solder 
layer in a face-to-face relationship over an extended i 
surface area under conditions sufficient to form alloy 30 
bonds between opposed surfaces of said link members in 
contact with said solder layer and said solder layer in 
the regions immediately adjacent said opposed surfaces, 
the strength of said alloy bonds being greater than the 
strength of said solder layer, and said opposed surfaces 35 
of said link members comprise an alloy-forming amount 
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of a member selected from the group consisting of 
nickel, cobalt, chromium and iron. 

10. A heat-responsive element prepared according to 
the process of claim 9. 

11. A heat-responsive element comprising two link 
members joined with a thin solder layer in a face-to-face 
relationship over an extended surface area, 

the components of opposed surfaces of said link mem- 
bers in contact with said solder layer and said sol- 
der layer being adapted to alloy with each other in 
the regions immediately adjacent each of said op- 
posed surfaces and said solder layer, the strength of 
said alloy bonds being greater than the strength of 
said solder layer, and at least said opposed surfaces 
of said link members comprise an alloy-forming 
amount of nickel, or an alloy of nickel. 
IZ In a fire protection sprinkler head of the type 
including a base having a throat of predetermined cross- 
section through which a stream of five retardant fluid 
can flow, 
the improvement wherein 

said fire protection sprinkler head fiirther comprises a 
heat-responsive element comprising two link mem- 
bers joined with a thin solder layer in a face-to-face 
relationship over an extended surface area, the 
components of opposed surfaces of said link mem- 
ber in contact with said solder layer and said solder 
layer being adapted to alloy with each other in the 
regions immediately adjacent each of said opposed 
surfaces to form alloy bonds between said opposed 
surfaces and said solder layer, the strength of said 
alloy bonds being greater than the strength of said 
solder layer, and at least said opposed surfaces of 
said link members comprise an alioy-forming 
amount of nickel, or an alloy of nickel. 
****.* 
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[57] ABSTRACT 

The invention features improved fluid deflection tech- 
niques for a pendent-type fire-protection sprinkler head. 
A first deflecting surface facing generally upward is 
positioned in the path of fluid emerging from the body 
of the sprinkler and includes a portion spaced to circum- 
ferentially redistribute the fluid to improve uniformity 
of distribution and deflect at least some of the fluid 
generally outward. A second deflecting surface posi- 
tioned radially outward and away from the first deflect- 
ing surface receives and controls the distribution of a 
portion of the outwardly moving water from the first 
surface; the path of emerging fluid from the sprinkler 
head body to the first deflector surface extends through 
an interior opening in the second deflector surface and 
the second surface is separated from the first surface by 
a circumferentially unobstructed region so that the cir- 
cumferential distribution of the fluid leaving the first 
surface is not divided as it moves between the first and 
second surfaces. The dependent structure that supports 
the first deflecting surface is such that it causes a distur- 
bance in the flow before the flow reaches the first de- 
flecting surface and the first deflecting surface is effec- 
tive in redistributing the fluid to reduce the uneveness in 
circumferential distribution which is a result of the 
disturbance. 

4 Claims, 11 Drawing Figures 
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DEFLECTOR WITH SURFAPP FOB employedin embodiments of the <)resent invention and 

FXUro FDR IMPROVED SPRAY U>n3?ORMITY SlflV^lyiARY Of? THE ir^^ 

FIELD OF THF FNVPMTfnM ^ The. invention features an improved fluid deflection 

M±iLU OF THE INVENTION technique for a pendant-type sprinker head. A flnit 
^ This invention relates to pendent sprinkler heads used deflecting surface facing generally upward is positioned 

m automatic fire-protection sprinkler systems. P^^^ ^^^^ emerging from the body of the sprin- 

BACKGROUND OF THF TM VPNi-nr^Ki' m ^J- ^"^'^^^ ^ portion shaped to circumferentially 

iJ/vuj^UKUUND OF THE IN VENTION 10 redistribute the fluid to improve uniformity of distribu- 

There exists a need for a pendent type sprinkler head deflect' at least some of tfie ftiiid generally 

specifically designed to meet the special discharge re- outward. A second deflecting surface is positioned radi- 

quirements of residential, automatic, fire-protection outward and away from the first deflecting surface, 

sprinkler systems. The special discharge requirements ic receive and control the distribution of a portion of 

for residential spriilklers are the result of: limited wdter moving outwardly from the first surface; the 

pressures available for the system; the need to provide ^^"^ deflecting surface having an interior opening 

coverage, in the case of smaller rooms, with only one ^^^"^^ so positioned that the path of emerging fluid 

sprinkler; and the desire tq'generate a high pcrcei^tage from ' the sprinkler head body to the first deflecting 

of relatively'large water drops in the spray.. ' 20 ^"^^^^ extends through this opening; and the flow 

TTie water supply* to industrial and commercial sprin- P^^^^ between said first deflecting surface and the sec- 

kler systems is generally fed through relatively >rge deflecting surface being circuinferentiaily unob- 

diameter pipes 0.e., 4,inches or greater), and so' t^^^ structed so that; the circumferential distribution of the 

mii^imal friction losses between the city main anij ,the ^ujd leaving the firit surface is not divided as it moves 

sprinkler system. In other cases where the available 25 ^^^^'^^ '^^^ first, and second surface, 

pressure is limited,* high-flow producing fire pumps are The dependent structure that supports the first de- 

often used. In residential applications, howisver, ; the ^^'^"g surface is such that it causes a disturbance in the 

domestic water supply from the street main is generally before the flow reaches the first deflecting surface 

fed thru relatively small diameter pipes Ci.e-li inches or ^^^^ deflecting surface is effective in Vedistribut- 

less) and the emphasis on low cost typically prohibits 30 "1^ ^"^^ ^o reduce the uneveness in circumferential 

the use of high-flow pumps. The National Fire Protec- distribution as a result of the disturbance. Preferably, 

tion Association has indicated that residential sprinkler ^'^^ deflecting surface is sized and positioned to 

systems must be designed to help protect against injury oppose the majority of the fluid emerging from the 

loss of life, and property damage, with as little as 26 \^Pfy tjie sprinkler, 

gallons per minute (gpm) flow. This criteria limits the ? preferred embodiments, the first fluid deflecting 

number of sprinklers that can effectively discharge in mcludes an outer circular portion having a ver- 

the event ofa fire. For the case ofa large room (ee 14 t^c^ cross-section of upwardly concave form and a 

ft. by 28 ft. and containing four sprinklers), preferably It I "^^T ^^^^^ ^^""^^ lowermost portion 

only two of the sprinklers should discharge fi e at 13 • " - circumferential channel. The fluid 

gpm per sprinkler). Because of this and because onlv ^^"f? ^^o^ body of the sprinkler is divided 

one sprinkler will be called upon to protect a smaller ^\ '^''^'^l -^^^"^^ deflecting surface by an apex 
room (e.g. 12 ft. by 12 ft.), a residential sprinkler must 

provide a much more uniform spray pattern over its ^^^^^^^^^y supported by two main support- 
entire design area, than is the case for state-of-the-art '"^ u from the body. Two additional 
pendent sprinklers previously developed for industrial/- ^'"'"^ radially extending from^ the apex and preferably 
commercial applications perpendicular to the main support arms support the 
In order to improve the chance for occupants to S^^^'f^?^^ '^^^"^^ stream is thereby 
escape or be evacuated, a residential sprinkler must £ Sn"^^^^^^^ 

prevent or delay flashover (i.e., uncontrolled soread of defector surface and from vthe pomt of time qf 

the fire). This necessitates cont^oS 1 fi e^^^^^^^ ShV''' ^'^^ '""""'^"^ '"^'^"^ 

stages. Furnishings employing petrolLmTased m^^^^^^ divided by supporting structure. The first deflecting 

als {e.g., synthetic fibers) are a^artic Jar pro^femT^^^^^ ""^^"^ """"^"^^ 

regard since they can result in fast-deveS hiS ^^^^"^^^^^^^^^ caused by all supports of 

heat output fires. Relatively large water drons arSv^ defl^tmg structure. A circular guide channels the 

quired to penetrate the updraL^nrreacf tTe b separated streams towards the first deflecting surface. A 

this type of fire. ConventionarrndusTrS^^^^ S "^ T^""^ 

pendentsprinklersoperatinS^^^^^^^ T'Z' and radially inward from the first-men. 

teristics equivalent to that required in rSntluS on of r'^'^' ^^"u'^* ^"^^"^^ 
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den"f:^rr£'^°" ' ""^ P"'*'™ . ^^^^^ » ™ oLo halves made of copper 

In addition to providing a more uniform snrav Hp„ ''^f^J"^ laminajed with solder in a lap joint to form 

sjty over the floor and wJl a^loT^eKv the ^ LZ^^'*' ^H"^^^ ""^ '""^■^'^ P^°- 
sprinWer. the invention proSfhS^^uL of 5 h^^''*^ '^'^ ''^ ''"'^ 

Iprge water drops in a peSdentspn^Sfc^ZSe^ '!3^ '^'^ « 'constructed to 

that which can be acWeved S Tu^'S spriSle? Lf^ V^" "^"^ requi,«nents of residential sprin- 

The larger water drops are better Xft^^^e^te he ' ""'^ °' "^'^ ^^'^ """al industrial 

npdrafts of fast-devel^ing, high hSfo^t^^S commercial sprinklers (e.g. respond within 6 to 10 

P g, mgn neat output nres. seconds under residential test conditions as defined by 

PREFERRED EMBODIMENT Underwriters Laboratories. Inc.). For further details for 

A preferred embodiment of the invention will now be Presently preferred embodiment reference is made 

FIG. 2 is a sectional view talten at 2—2 of FIG 1 r"^ « supported therefrom by two integral arms 34. A 

FIG. 3 is an enlarged sectional view at 3—3 of Fios circular deHector element 36 (cast or machined) is 

2 and 4 showing the dertector assembly of said embodi- SiT H f"'^^ P^" connected to apex 

ment. y emooai 30. a second annular deflector 38 (stamped) ik brazed to 

FIG. 4 is a view at 4—4 of FIG. 2 looking down at ^"PP°^, ^^j ^ plurality of spaced-apart tines 40 extend 

the deflector assembly. generally downward from the periphery of second dcr 

FIG. 5 is a view at 5-5 of FIG. 2 looking down at u^'J^^' '^\"PP«'" S"rf?ce of support 32 is located a 

the first deflector element of said embodiment and in- ^^^^/^f ^"^e below main arms 13 and it has an inner 

eluding diagrammatic streamlines showing the flow 25 f^^''^^ ^^ ^^"^^ ^"'^'"S surface. Integral 

pattern on said first deflector °" support 32 straddle one arm 13 to align support 

FIG. 6 is a view at 6-6 of FIG. 2 looking up at the ^^/^ essentially 90* with respect to main arms 13. 

second deflector of said embodiment and including , first deflector element includes two concave 

diagrammatic streamlines showing the flow nattern on surfaces 41, 42, which intersect to define a 

said second deflector. M T ^"^P "^^^ ^* ^^^^^ ^'P ^ surrounds 

FIG. 7 shows spray densities achieved in a test of said 1 ""aV ?^ P?^ deflector surface, 

embodiment. In detail for one of the embodiments of the invention 

FIG. 8 shows spray densities achieved in a test of the 9^^^ "PPe^ annular surface 41 is located 

same pendent sprinkler but with the prior art deflector '"^^''^'V of the lower surface, and, in vertical cross 

of FIG. 9 substituted for the deflector of the invention 35 expends down and outwardly from vertical 

FIG. 9 is a plan view of a conventional prior art ^"^^"^y.^o ^^e cusp which is located slightly inward 

deflector for a pendent sprinkler honzontai tangency. The lower annular concave 

FIG. 10 is a diagrammatic perspective view of the 12 g>ns at the cusp and extends downwardly and 

ft. by 12 a room used for the tests of FIGS 7 and 8 outward y to horizontal tangency, thence upwardly and 

, FIG. 11 is a cross sectional view of the deflecfor 40 '"i^Si'ti'nSt Jlf ' ■ 1 • 

mcluding diagrammatic spray-representing arrows to r FIG. 3, the nominal dimensions of the 

show the radial spray distribution of said embodiment "^^^ ^"^.'^^."^ Reflector elements for one embodiment. 

are as gjven in the following table fin inches): 

STRUCTURE 

There is shown in FIGS. 1 and 2 an automatic, pen- 45 
dent, fire-protection sprinkler head 10, which has a 
body 12 with two support arms 13 e?ttending from th/e 
body to an apex 30, to which a deflector assembly 20 is 
attached. Pipe threads 14 on body 12 provide a m^ns 
for connecting the sprinkler head to a supply of fire- 50 
retardant fluid (e.g.. the domestic water supply of a 
home or other residential structure). Through body 12 
there extends a passage 16 leading from the fluid supply 
system to a discharge orifice 18, which is nonnaliy 
closed by a closure element 22 held in place by strut 24 55 

to a fire- -s" "as separated m response posiuonedm the path oflhefiuid in advance of the Huid 

reachmg the first defiecting surface. The position of the 
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penphery of the second deflecting surface is arranged locations of apex support arms 13. The densities given 

to receive fluid that has ^ outward component are in units of gpm/ftZ. More uniform spray density is 

- OPERATION achieved; the minimum average density is 0.050 

. gpin/ft2 over each 2 ft by 2 ft. sampling area and the 

In the absence of fire, fusible link 29 provides a re- 5 maximum is 0.133 gpm/fl^. 

straming force on lever 27 which through mechanical To compare these results to the prior art, an identical 

advantage is amplified to produce a much larger up- test was run with a conventional pendent deflector of 

"^^^ ™J ^ P"^^ the type shown in FIG. 9 installed on the apex of the 

When hnk 29 is heated sufTiciently to cause the solder sprinkler head. These results, which represent a typical 
laminating <tf t wo hal v^ to approach melting tempera- 10 example of the spray density variation of a conventional 

ture (about 140 F.) am) thereby lose its strength, the pendent sprinkler, are presented in FIG. 8. It can be 

two halves separate, and lever 27 rotates downward, seen that much less uniformity was achieved. The mini- 

thereby removmg the upward force on strut ?4 and mum density was 0.016 gpm/ft^, and the maximum 

closure 22. The strut, closure, and lever are blown away 0. 148 gpm/ft2 With this spray pattern, more flow to the 
by water exiting from onfice 18, with spring 35 helping 15 sprinkler would be required in order to provide a pre- 

to clear away the vanous elements. Water strikes arms ferred minimum average density of 0.040 gpm/ft 2on all 

13 and apex. 30 and is divided mto two segregated 2 ft by 2 ft floor areas. Visual observation of the sprin- 

streams withm flow guide 32. These two streams are kler head with the conventional deflector showed a 

then each m turn divided in two upon passing guide predominantly finer, mist-like spray rather than the 
support arms 34, producmg four segregated streams, 20 predominantly large drops achieved with the preferred 

which impinge on con^ve outer surface 42 of the first embodiment Furthermore, the conventional pendent 

deflector element 36. The impact locations of the four sprinkler had a very well defined upper spray boundary 

streams are designated with the letu^f .S in FIG. 5.; which was directed slightly downward forming a pro- 

An important aspect of rthe improved spray distribu- noimced cone of spray below the sprinkler 
tion of the mverition is. that the^pc and position of 25 By contrast, the preferred embodiment deflected 

surface 42 causes portions of the water in each of the some water upward above horizontal with a combina- 

streams to spread arpumferentiaUy to regions of less Uon of large drops and fine spray, thereby providing 

cT^i^^r '4^- "^^"^^ *® diagrammatic streamlines in spray coverage higher on the room walls and filling the 

FIG. 5. This circumferential movement regions the four region below the ceiling with spray to help cool hot 
segregatoi streams and produces a more circumferen- 30 gases there. Cooling the region just below the ceiling 

tially uraform distribution, i.e., roughly equal amounts helps prevent hot gases from using that region as a 

of water depart from the compensating element at each conduit for traveling above the sprinkler spray to adia- 

ctrcumferential location. cent areas of the room of other rooms and activating 

Concave annular surface 41, whicKis abov? and in- additional sprinkler heads, which reduces the water 

side airface 42 and has a downward and outward slope, 35 supply available to the sprinkler heads at the fire site, 

functions^to dir^ fluid to the regions of larger radius A comparison of FIGS. 7 and 8 also shows another 

from the head. The selected locaUon of cusp 44 in rela- advantage of the embodied invention. Note the varia- 

tion to lip 46 and tines 40 of deflector 36 determines the tion in FIG. 8 average densities for equivalent 2 ft by 2 

amount of fluid affected by the upper concave surface ft areas on opposite sides of main arms 13, This varia- 

L \ , tionisprincipally caused by the center of the deflector 

Some of the water leaving first deflector 36 is di- (FIG. 9) being not precisely aligned with the longitudi- 

rected away from the sprinkler head, without striking nal.axis thru the center of discharge orifice 18 due to 

second deflector 38; the remainder strikes the deflector. typical machining variations). The water distribution 

TTie flow pattern on second deflector 38 is suggested by characteristics of the embodied invention is signifi- 

the diagrammatic streamlines in FIG. 6. There is cir- 45 cantly less sensitive to this manufacturing variation due 

cumferentially neariy umform outward flow at the radi- to the circumferential fluid redistribution effects of the 

ally outer edge of tfj? deflector, where tines 40 are invention (see FIG. 7). 

located, as suggested by the relatively equal spacing and It can thus be seen that the stringent requirements of 

general radial direction of the streamlines (FIG. 6) at a residential sprinkler can be met with parts that do not 

the outer edge. The streamlines in FIGS. 5 and 6 are 50 move during emission of the fire protection spray and 

detennmed from impressions left by the flow upon paint are practical and relatively inexpensive to manufacture, 
applied to the first and second deflectors. 

As suggested by the arrangement of spray-represent- OTHER EMBODIMENTS 

ing arrows in FIG. 11, and the flow distribution jMttem Other embodiments of the invention are within the 

of FIG. 7, discussed below, greater percentages of 55 scope of the following claims. For example, other ar- 

water are directed toward outer circumferences on the rangements could be used for supporting the deflector 

floor than to inner circumferences (relative to the verti- assembly, including moving the main support arms 13 

cal center line) to compensate for the larger area of the from apex 30 to support 32 and adding additional arms 

regions to be covered at the outer circumferences. A 34, as necessary, between support 32 and the apex. The 

portion of the uppermost flow passing between the tines 60 dividing effect of such arms would remain upstream of 

IS fragmented into an upwardly and outwardly proceed- the first deflecting surface, so that its circumferential 

ingcoohng mist, which assists in cooling the region just redistribution pattern would not subsequently be di- 

below the ceiling. vided. Other means could be employed for opening 

FIG. 7 depicts the floor water density distribution orifice 18 in response to a fire; some arrangements 

achieved in a test of the preferred embodiment when 65 would not require the apex 30 support a strut and would 

operated at 15 gpm. The sprinkler head 10 was located thus allow the apex to have a more perfectly conical 

at the center of a 12 ft. square room as shown diagram- shape for improved flow distribution. A single concave 

matically m FIG. 10; its orientation is d^ignated by the surface could replace surfaces 40, 42, although gener- 



4,405,018 



10 



15 



ally at a penalty in spray nonuniformity. The deflector 
could be constructed to provide oblong or other spray 
pattems» e.g. for use in similarly shaped areas. The 
sprinklers may be of the reclosing or deluge types, or 
may be incorporated in a concealed sprinker which 
drops down upon actuation and then remains stationary 
during operation. 
What is claimed is: 

1. In a fire-protection sprinkJer head of the pendent 
type, said head including a body with means for con- 
necting said head to a supply of fire-retardant fluid, a 
passage through said body for said fluid, a closure for 
said passage, means for opening said closure in response 
to a fire, and a spray-forining deflector means supported 
below said passage by a dependent structure that exr 
tends from said body, said deflector means positioned m 
the path of fluid emerging from said passage, the im- 
provement wherein said deflector means includes: ^' 

a first deflecting surface directly in the path of said 
einerging fluid and facing generally upward, ' " 
said first deflecting surface including a*^' portion 
shaped to circumferentially redistribute fluid to 
improve uniformity of distribution and deflect at 
least some of said fluid generally outward; and 
a second deflecting surface positioned outward and 
away from said first deflecting surface to receive 
and control the distribution of a portion of the fluid 
moving outwardly from said first deflecting sur- 
face, 

said second deflecting surface having an interior 
opening and being so positioned that the path 9f 
the fluid from said passage to said first deflectmg 
surface passes through said opeiting, aiid 

the flow paths between said first deflecting surface 
and said second deflecting surface being circum- 
ferentially unobstructed so that the circumferen- 
tial distribution of said fluid leaving said first 
deflecting surface is not divided as it. moves be- 
tween said first deflecting surface and said sec- 40 
ond deflecting surface, 
wherein said fint deflecting surface has an outer 

circular portion having a vertical cross-section of 

upwardly concave form defining a first concave 

surface, and 

wherein said first deflecting surface includes a second 
concave circular surface radially inside of and 
above said first concave circular surface, 

said first and second concave surfaces are joined at a 
circular ridge, and 

the location of said ridge and the shape of said second 
concave surface are selected to influence the radial 
distribution of fluid in the spray pattern generated 
by said sprinkler head. 

2. The sprinkler head of claim 1 wherein said second 
deflecting surface includes a generally horizontal ring 
of larger diameter than said first deflecting surface and 
a plurality of downwardly directed tines located around 
the periphery of said ring and wherein said first and 
second deflecting surfaces are shaped and separated 
vertically sufficiently to that said circular ridge joining 
said first and second concave surfaces of said first de- 
flecting surface is positioned below said ring portion of 
said second deflecting surface, and said tines are spaced 
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generally radially outward " from said first deflecting 
surface. ... 

3. In a fire-protection sprinkler head of the pendent 
type, said he^ including a body with means for con- 
necting said head to a supply of fire-retardant fluid, a 
passage . through said body for said fluid, a closure for 
said passage, means for opening said closure in response 
to a fire, and a spray-forming deflector means supported 
below said passage by a dependent structure that ex- 
tends from said body, said deflector means positioned in 
the path of fluid emerging from said passage, the imr 
provement wherein sJaid deflector means includes: 

a first deflecting surface directly in the path of said 
emerging fluid and facing generally upwardj v 
said first deflecting surface including a portion 
rshaped to circumferentially redistribute fluid to 
improve uniformity of distribution and deflect at 
. least some of said fluid generally outward; and . 
a second deflecting surface positioned outward and 
away from-said first deflecting surface to receive 
• and control the distribution of a portion of the fluid 
moving outwardly from said-first deflecting sur- 
face, ' . 

said second deflecting surface havings an; interior 
opening and being so positioned that the path of 
the fluid from said passage to said first deflecting 
surface passes through said. opening, and 
- the flow paths between said first deflecting surface 
and said second deflecting surface being circum- 
ferentially unobstructed so that the circumferen- 
tial, distribution of said fluid leaving said first 
deflecting surface is not divided as it moves be- 
tween said first deflecting surface and said sec- 
ond -deflecting sutface^ ■ 
wherein said furst deflecting surface has an outer 
circular portion having a vertical cross-section of 
upwardly concave form, defining a first concave 
surface, and - 
wherein said first deflecting surface includes a second 
concave circular surface radially inside of and 
above said first concave circular surface and. a 
radially-outer lip raised above the lowermost por- 
tion of said first deflecting surface, 
said first and second concave surfaces are joined by a 

circular ridge* 
a cylindrical .surface forms the connection between 
an apex element and said second concave surface, 
said second concave surface, in vertical cross section, 
begins at neariy vertical tangexicy with said cylin- 
drical surface and extends downwardly and radi- 
ally outwardly to said ridge, — , 
said first concave surface. in vertical cross section, 
begins at said ridge and extends ^downwardly and 
: outwardly through a point of horizontal slope and 
. then upwardly and outwiardly to said radially-outer 

lip. . . : 

4. The sprinkler head of claims 1 or 3 wherein said 
dependent structure supporting. -jiiaid first - deflecting 
surface causes a disturbance in the flow before said fluid 

60.' reaches said first deflecting surface, and said first de- 
flecting surface is effective in redistributing fluid to 
reduce. the unevenness in circumferential distribution of 
fluid as a result of said disturbance. . : , 
-.-.♦*•••.... 
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[57] ABSTRACT 
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ing the deformed area and thereby raise its trajectory 
relauve to the flow passing underneath the undefonned 
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, the spray, thereby allowing the centra] portion to reach 

HORI?OOTAL SPRINKLER DEFLECTOR WITH rhore distant areas of the room: Also, it appears that 

:FLOW.LIFriNG FORMATION; . - • some water from" outlying regions of the confining sur- 

FTFT n HP Tw^r- rMwcxi-rii-iK/ ' ^^^^ ^^"^ ^^^'^ flow, somewhat toward the center in- 
; ' ; ..^EL^ OF THE INVENTION; . 5 creasing the water distribution in that region. 
This invention relates to fire-protection sprinkler ■ Although I have jiist described my invention with 
^^^^ . reference to a horizontal sidewall sprinkler head, the 
BAGKGROl INH OF TMF TMVFMTinM invention can be applied to any sjjrinkler head in which 
BACKGROUND OF THE INVENTION ^ ^uid stream is directed along and paraflel to one sur- 
Fire protection . sprinkler heads generally include, a face of a confining element. The deformation is in a 
denector plate fpr producing' a spray pattern of , water direction away from the ordinary parallel flow direc- 
tor other fire-retardant liquid). When a fire is sensed, a tion, and water entering the deformation does so be- 
water stream emerging from the throat of the sprinkler cause it remains attached to the deformed surface and is 
head impinges, on - the deflector. Often the. deflector thereby lifted (by Coanda effect) from the main stream 
contains a plurality of fluid deflecting elements (com- 15 The concentrating efi-ect by which the deformed area 
monly referred to as^mes) extending froma centra!^^ effectively draws water from other regions is appar- 
and the tines are rehed upoii I0 deflect the water in the- ently due to the cohesiveness between the molecules of 
: pesired spray pattern. There are applications; however, water. - 
in which the. deflector includes a surface along which ' . 

the stream is directed, generally to confine the spray 20 PREFERRED EMBODIMENT 

C^^JhS^ The structure of a preferred embodiment of the in- 

\t£n?r^^^^^ head Which is:generally m- vention will now be d^ribed. after first briefly describ-^ 

. stalled near the top of a wall of a room. Water emerges ing the drawines ■ ^ 

in a horizontal stream from the throat of such a sprin- * 

kler. To aid in distributing the water to the' far regions DRAWINGS 

of the room, the-upper half of the deflector includes an tjir- % :^ ' • r , . 

element that spreads the emerging^ stream into a fan- : JJJl^ o™''^'!?'^^' nT "^'"^ embodiment 

shaped spray. Above and extending downstream of this '"'^if °" ^"-^^^^ ^ 

element is a horizontal plate or confining element that ^ partially cross sectioned, of said 

furth<2r shapes the spray so that it is directed below the 30 , ■ , 

ceiling, which may be in some cases within close prox- \ enlarged frontal view of the deflector 

imity to the sprinkler head; and towards the far end of t^kenat 3— 3 of FIG. 2. 

the room. ^ r IQ/ 4 is a top view of the deflector taken at 4—4 of 

, , FIG. 2. 

SUMMARY OF THE INVENTION 35 FIG. 5 is a fragmentary view of the lower half of the 

Horizontal sidewall sprinklers of the type just de- deflector taken at 5—5 of FIG. 3^ 

scribed tend to produce a spray pattern with less water ^ ^ diagrammatic view taken at 6— 6 of FIG. 

density at the far center than at the far sides of the target showing the streamlines of fluid flowing along the. 

area; For example, if : one sprinkler head is used for a undersurface of the confining element, 

single room, the far center of the room receives less 40 ^^^^ 7 is a diagrammatic side view of the deflector 

water than do the sides of the room: One cause of the of the sprinkler head showing the inclined trajec- 

low center density is that centrally-located arms attach- ^ory givien fluid flowing within the upwardly deformed 

ing the deflector to the sprinkler head frame tend to area. 

obstruct the path of water emerging from the throat. cxDiTi-rrTDc 
Similarly, the deflector element: used to spread the 45 . ^^^^^^^^ 
stream into a fan-shaped spray also tends to more Turning, to FIG. 1, there is shown a horizontal side- 
greatly obstruct central portions of the spray than later- wall sprinkler 10 installed in supply pipe 12 near the top 
ally outward: portions. These obstructions tend to re- center of wall 14 of a rectangular room 16 (indicated in 
duce the velocity of central portions of the spray and broken lines). For reference purposes, wall 14, on 
reduce the water density in the center of the spray. The 50 which the sprinkler is mounted, is referred to as the near 
resulting uneven coverage in far areas limits the room wall. Wall 18, opposite the sprinkler, is the far wall, 
• area that, can be safely covered by a single sprinkler and . The sprinkler head is shown in cross section in FIG. 
means that more than one sprinkler must be used where 2. Body 30 (a machined bronze casting) has an internal 
one might otherwise be enough. passage or throat 31 for discharging water and threads 
I have discovered^ that this uneven coverage can be 55 32 for attachment to a supply fitting. Integral arms 34 
substantially alleviated by upwardly deforming the extend outward from body 30 to element 36, to which is 
confining element along a central area extending back- attached deflector plate 38. Throat 31 (a frustoconical 
ward from the downstream end of the element to leave interior surface, running along the horizontal axis 
undeformed areas laterally adjiacent to and upstream of through body 30) is normally sealed shut by button 40 
the deformed area. The undersurface of the upwardly- 60 and gasket 42. which are supported by strut 44. The 
deformed area is; more ^greatly inclined with respect to opposite end of strut 44 rests in a groove in hook 45, the 
the throat axis than are the surrounding undeformed . groove being offset slightly from fulcrum 46 on element 
areas, and the amount of inclination is chosen so that 36, to provide mechanical advantage. Hook 45 is se- 
water entering the deformed area is- selectively lifted cured to the strut via a key member (not shown), a 
upwardly: from the . flow direction of the remaining 65 solder layer (not shown); and bell-shaped heat collector 
water., which flows generally parallel to the undersur- 52. 

face of the undeformed areas.-The upWard deformation Turning to FIG. 3, there is shown a frontal view of 

gives a more inclined trajectory to the central portion of deflector plate 38. which is cut from brass (0.049 to 
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0.053 inches thick). Extending from central hub portion 
60 are a plurality of differently sized and shaped deflec- 
tor elements 72, 74, 76. 78. Tines 72. 74 are bent back to 
an angle A (about 70") (FIG. 2) from the horizontal 
plane of the central hub. Small tines 72 converge 
toward each other. Between tines 72 there is formed a 
slot 80, best seen in FIG. 5. The width of slot 80. over 
length D (0.06 inches), initially increases for greater 
radial distances from the hub to a maximum width A 
(0.26 inches), and then, over length C (0.14 inches), 
decreases, due to the converging orientation of tines 72, 
to a width B (0.16 inches). The root dimension E of slot 
80 is approximately 0.12 inches. Converging tines 72 
each have a dimension G of 0.12 inches at their base and 
a dimension R of 0.08 inches at their tip. The top of slot 
80 is spaced a dimension H of 0.22 inches below the 
center of hub 60. 

Above central hub 60 there is provided a confining 
element 62, extending outward horizontally (perpendic- 
ular to the vertical plane of the hub). The lower surface 20 
of the confining element is . spaced a dimension J of 
about 0.39 inches above the center of the hub. The 
confining element is upwardly deformed at its down- 
stream center to form channel 90, which extends up- 
stream from downstream end 91 of element 62 by a 
dimension L (0.44 inches), to a point about midway 
between end 91 and upstream end 93. In plan view 
(FIG. 4), the boundary 95 between channel 90 and the 
surrounding flat-undeformed areas is generally para- 
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control the distribution of water at the far wall and far 
fioor area. Upper tine 78 causes water pa.ssing through 
aperture 79 to spread out in a fan-shaped horizontal 
spray. The width of aperture 79 determines the width of 
the horizontal spray. Confining element 62 directs the 
fan-shaped spray below the ceiling toward the far areas 
of the room. 

Arms 34 and hub 60 tend to obstruct the path of 
water travelling along the vertical central plane of the 
sprinkler, and thus tend to reduce the amount of water 
reaching the center of the far wall and the center of the 
far fioor, the two areas being shown in FIG. 1 as far 
region F. To compensate for the otherwise low water 
density in region F, channel 90 is formed in confining 
element 62. The undersurface of the channel is inclined 
(by about 1 1*) from the remainder of element 62 and 
thereby lifts the central portion of the water emerging 
from aperture 79 and travelling along the undersurface 
of element 62. This central portion is thereby given a 
slightly upward trajectory and the water density in 
region F is increased, without substantially reducing 
density in the far regions outside region F, e.g., the far 
corners. 

Channel 90 functions as a Coanda effect surface; the 
central portion of the stream remains attached to the 
undersurface of the channel, and is thereby lifted up- 
ward. The channel does not function like a notch cut in 
element 62 to merely permit a stream already travelling 
in an upwardly inclined direction to continue along its 



. — -" — — — « ^w<w»iijr ytua- 111 an upwdiuiy uic'iincu oireciion lo contmue along its 

bohc m shape, with the vertex of the parabola at the 30 trajectory. Instead it actually lifts upward the central 



upstream end of the channel, Undeformed areas sur 
round the channel on both lateral sides and upstream. 
The undersurface of the channel is arcuate (upwardly 
concave and tapering, approximating a conical surface) 
with a radius of about 0.27 inches at downstream end 35 
91, and the centerline of the undersurface is inclined at 
an angle of from 10* to 12" with respect to the unde- 
formed areas. The channel smoothly merges into the 
undeformed area, with a fillet radius at boundary 95 of 
about 0.27 inches, the same as the maximum radius of 40 
the undersurface of the channel. The downstream 
mouth of the channel has a width K of 0.56 inches 
(which is less than half the downstream width of confin- 
ing element 62) and a vertical depth (or height) P of 
about 0,08 inches. The upstream end of the channel is a 45 
distance M (about 0.20 inches) downstream of the up- 
stream surface of tine 78 on the deflector hub. 

OPERATION 

When the sprinkler is activated (by fusing of the sol- 50 
der layer), strut 44 and button 40 are released, and water 
(or other fire-retardant liquid) flows through throat 31 
in a stream directed at deflector plate 38, which pro- 
duces and distributes a spray in a generally rectangular 
pattern to match the size of room 16. The sprinkler is 55 
designed to. deliver a spray pattern of an acceptiable 
minimum density throughout an area sixteen feet wide 
and twenty four feet long. Water is primarily directed at 
the fioor and lower wall areas, including the near, side 
and far walls. As the height and contour of the ceiling 60 
above the sprinkler can vary for each installation, the 
ceiling is not depended upon to deflect the spray. 

Each portion of deflector plate 38 serves a separate 
function in distributing the spray. Lower tines 74 dis- 
tribute water onto the near wall and adjacent floor area 65 
(e.g., the first ten feel of floor). Long rectangular slots 
77 distribute water onto the intermediate floor area. 
Confining element 62, upper tine 78, and aperture 79 



stream, which is travelling horizontally (parallel to the 
undersurface of element 62). Experiments confirm this 
conclusion. When a sprinkler was tested with element 
62 cut away along boundary 95, the improved perfor- 
mance achieved with the channel was not repeated. 
Instead the sprinkler performed much the same as it did 
with no channel and an entirely flat confining element. 

FIG. 6 shows the streamlines of fluid travelling along 
the undersurface of the confining element. Channel 90 is 
indicated in dotted lines, and two arrows A, B represent 
the direction of flow leaving the element and headed for 
the far center and far comers respectively. FIG. 7 
shows the inclination of flow directions A and B; flow 
headed for the far center (arrow A) is inclined up- 
wardly whereas flow headed for the comers (arrow B) 
is directed horizontally. 

Another advantageous effect of channel 90 is that 
portions of the stream diverging laterally away from 
straight ahead are caused to follow laterally curved 
paths that initially diverge but then curve back toward 
the channel and centerline of the confining element. 
These curved streamlines are illustrated in FIG. 6. This 
increases the density of water in the center of the spray, 
and thereby further increases the spray density reaching 
the far center of the room. To achieve this streamline 
curvature it is important to provide a smooth transition 
at boundary 95 between the channel 90 and the unde- 
formed area and similarly to gradually slope the walls of 
the channel. (In the embodiment shown, the channel is 
arcuate in transverse section and thus the walls and roof 
of the channel are all one arcuate portion.) 

Another important consideration in shaping the con- 
fining element of the preferred embodiment is that there 
be no sharp corners, flow restrictions, or other disconti- 
nuities that would remove kinetic energy from the flow. 
Unlike the flow that is deflected toward the intermedi- 
ate and near regions of the room by the lower portions 
of the deflector, the flow passing through the upper 
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portion of the denector and along the confining element 
must retain ^.much kinetic energy^VpssibJe ip order 
to reach the far areas of the room. Tlie smoothly shaped 
cJmnnel 90 achieves a, redistribution of .flow without 
substantial. energy loss. Ot should.be noted; however 
that m. other, applications .wherein spray distances are 
not as: critical or wherein flow energy, loss is not as 
. important, the. deformation in the confining element 
need not be as smoothly.shaped.X :. 

;:PT1«ER EMBODIMENTS 
. . Other embodiments of the invention are included 
. withm the.scope of the following claims. For example 
such a deformed confining element could be used to 
selectively alter, spray , trajectories in spritiklers other 
than the horizontal sidewalJ type disclosed herein, and 
more than one channel could be used on confining ele- 
ment 6Z should , there be other than . one target area 
requinng greater spray density. Also/ the shape of the 
boundary between the deformed and undeformed areas 
as well as the contour of the deformed area can be 
van^- in order to athieve the desired density in the 
target area. The terin deformed area is used in a topo- 
logical sense; channd 90 could be forined by a variety 
of methods in additioii to deforming element 62 Fur- 
thermore, more than one sprinkler may be used for a 
room and the spray pattern of any one spi-inkler rriay be 
other than rectihgular: . . ^ , ■ 

:OTTiER INyENrriONS 30 

The subject matter relating to converging Tbwer tines 
72 was the invention of James W. Mears, and his inven- 
tion preceded mine, 

What is claimed is: 

1. In a fire-protection sprinkler head of the horizon- 
tal-sidewall type, including a throat through which a 
horizontal stream of fire-retardant fluid can flow, a 
denector spaced from said throat and in the path of said 
strearp for generating a spray into an area, said deflector ^ 
including a generally planar confining element more 
nearly horizontal than vertical disposed above the lon- 
gitudmal axis of said throat for the purpose of confining 
Oie upward trajectory of a portion of said stream and a 



. undeformed areas to a relati vely upwardly inclined 
' . .flow, direction, .V 

...whereby the lifted .portion of said stream departs 

frpm said confining element with a trajectory more 
5 upwardly inclined than the irajectoi^y. of other 

portionsof said stream, thereby causing said lifted 
. s portion to reach more distant areas from said sprin- 
kler head. . : . 

Id 1 ^* ^^^P"^'^^^^^ claim 1 wherein said upward- 
y-4eformed area . forms a Coanda-efTect surface for 
. lifting said flow. 

.3. The sprinkler head of claim 1 wherein 
said upwardly-deformed area, defines a longitudinal- 
• ^:;ly-exteh.ding. channel, : ■ ^ ^ 
said channel is.gerierally upwardly concave in trans- 
verse section, and 
the lateral width and vertical depth of said channel 
- increases along-the longitudinal axis of said throat 
. from the upstream end to the downstream end 

4. The-spnnkler head of claim 3 wherein said lateral 
width and vertical depth are negligible at: said interme- 
diate repon where said channel begins and increase 
uniformly along the longitudinal axis of said throat from 
the upstream end to the downstream end. ' 

5. The sprinkler head of claim 3 or 4 wherein there is 
only one said channel and it is centrally located in said 
confining element directly above the axis of said throat 
thereby raising; the' trajectory of fluid emerging from' 
the center of said confining element. 

6 The sprinkler, head of claim 5 wherein 
there is. at least one support arm extending from a 
frame portion encompassing said throat to said 
deflector and said arm is located within a central 
planar zone which extends vertically above and 
below the axis of said throat and 
said channel is shaped and sized to increase the dis- 
tance by which fluid departing centrally from said 
confining element is sprayed so as to compensate 
for the reduced flow along the center of said con- 
fining element resulting from the blockage of said 
stream caused by the centrally-located arm. 
^ 7. TTie spnnkler head of claim 5 wherein said interme- 

- generally 



deflector structure below s^id elemenrfor th^^ T "^^'Z'' ^^^^^ ^^^"^1 begins is generally 

of deflecting and distributi^ thrpor^io^^ '"T^J^'^V said upstream and downstref m ends' 

stream in various desired directions JdSnincr 111 • r 'P™^^^'' ^ wherein the angular 



• . wwiiig liH^iuciii upon 

the undersurface of said confining element and being 
caused to How generally parallel to said under surface 
from said upstream end. to said downstre^i end. the 
improvement . wherein 



said confining element is deformed upwardly along ss MLVaT'?««^if '^"1' ^^'^ 
an area extending longitudinally from said7ow„! " LL*"^"" '^e open end at said 



— - — atuill 

an area extending longitudinally from said down- 
stream end to a region intermediate said upstream 
and downstream ends, thereby forming 
an upwardly-deformed area and 
generally undefohned areas, laterally adjacent to 60 
said upwardly-deformed area, 
the undersurface- of said upwardly-deformed area 
bemg inclmcd upward relative to the undersurfaces 
of said generally undeformed areas, and 
said upward inclination being chosen so that a portion 65 
01 said stream entering said upwardly-deformed 
area is lifted upwardly from a flow direction gener- 
ally parallel to the undersurface of said generally 



10. The sprinkler head of claim 5 wherein said chan- 
nel is arcuate in transverse section. 

n The sprinkler head of claim S wherein the bound- 
ary dividing said channel from said undeformed areas is 



- - • — — K*' luc upoi cna at said 

doxynstream end and the vertex at said intermediate 

region. 

12. The sprinkler head of claim 3 wherein 

said channel has two walls that smoothly merge into 

said undeformed areas on either lateral side and 
said merger is sufliciently smooth and the slope of 
said walls along the lateral direction is sufliciently 
gradual to cause portions of said stream flowing 
underneath said confining eiiemem to follow later- 
ally curved paths further downstream that initially 
diverge laterally but curve back toward said chan- 
nel and toward the center line of said confining 
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13. The sprinkler head of claim 12 wherein there is 
only one said channel and it is centrally located in said 
confining element directly above the axis of said throat, 
thereby -raising the trajectory of fluid emerging from 
the center of said confining element and increasing the 5 
amount of water so emerging from the center as a i^esult 
of said lateral redirection of flow toward said channel 
whereby a greater spray density can be achieved in the 
distant central region of said area, said distant central 
region being that region longitudinally ahead of said ID 
spnnkler head and at the furthest longitudinal distance 
from said sprinkler head. 

14. The sprinkler -head of claim 1 or 3 wherein said 
deflector further comprises a fluid deflecting element 
upstream, of and below said . confining element for 15 
spreading a portion of said stream emerging from said 
throat into a spray that is incident upon said undersur- 
fape of said confining, element at a region upstream of 
said, deformed area. 

15. The sprinkler head of claim 3 wherein said chan- 20 
nel width at said downstream end is less than half the 
width of said confining element at said downstream end. 

16. The sprinkler head of claim 1 wherein said de- 
formed area is upwardly concave in transverse section 
and tapering longitudinally so as to be substantially 25 
conical. . 

17. The sprinkler head of claim 1 wherein said unde- 
formed areas include an upstream of said deformed 
area. 

18. In a fire-protection sprinkler head, including a 30 
throat through which a nearly horizontal stream of 
fire-retardant fluid can flow, a deflector spaced from 
said throat in the path of said stream for generating a 
spray into an area, said deflector including a generally 
horizontal confining element disposed above the longi- 35 
tudinal axis of said throat of said stream and a deflector 



8 



structure below said element for the purpose of deflect- 
ing and distributing: other portioiis of said stream in 
various desired directions, said confining eienient ex- 
lending generally longitudinally along the direction of 
said axis froin an upstream end to a downstream end. a 
portion of said stream being incident upon the undersur- 
face of said confining element and being caused to flow 
generally parallel to said under surface from said up- 
stream end to said downstream end, the improvement 
wherein 

said confining element is deformed upwardly along 
an area extending longitudinally from said down- 
stream end to a region intermediate said upstream 
and downstream-ends, thereby forming 
an upwardly-deformed area and . 
generally undeformed areas laterally adjacent to 
said upwardly-deformed area, 
the undersurface of said upwardly-deformed area 
being inclined upward relative to the undersurfaces 
of said generally undeformed areas, and 
said upward inclination being chosen so that a portion 
of said stream entering said upwardly-deformed 
area is lifted upwardly from a flow direction gener- 
ally parallel to the undersurface of said generally 
undeformed areas to a relatively upwardly inclined 
flow direction, 
whereby the lifted portion of said stream departs 
from said confining element with a trajectory more 
upwardly inclined than the trajectory of other 
portions of said stream, thereby causing said lifted 
portioti to reach more distant areas from said sprin- 
kler head. 

19. The sprinkler head of claim 18 wherein there is a 
single channel centrally located in said confining ele- 
ment. 
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[57] ABSTRACT 

A fire-protection sprinkler head having a base from 
which fire-retardant fluid emerges in a stream, a deflec- 
tor plate spaced from the base for deflecting the stream 
into a spray pattern, and a throat in the base with a 
noncircular cross section selected to vary the shape of 
the stream and thereby vary the spray pattern. 

9 Claims, 9 Drawing Figures 
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1 2 

SPRINKLER HEAD WHH NONCIRCUI A» ^" I^ef^^^d embodiments, the throat pro- 

^THROAT duces a nonuniform-cross-section How stream which 

produces a spray pattern that is more uniform on the 

FIELD OF THE INVENTION \ °u^"f *™ P"°^ ^ P^^her, the dumbbell- 

. . "NVEi^iiv^i^ 5 shaped cross section helps spread the flow to either side 

TTiis invention relates to fire-protection sprinkler of the arms and thereby further help make the spray 

pattern more uniform. 

BACKGROUND OF THE INVENTION PREFERRED EMBODIMENT 

1,-1!,'! 8^."^^'^ j''?"^ " fire-protection sprinkler '0 The structure and operaUon of a preferred embodi- 

head to dehver a fairly uniform spray pattern. In most raent of the invention will now be described, after first 

sprinkler heads, the spray pattern is developed by di- briefly describing the drawings 
rectmg a stream of water (or other fire-retardant liquid) 

from a throat (generally fhistoconical in shape) against DRAWINGS 

a defl«;tor spaced a short distance from the throat. The 15 FIG. 1 is an elevation view of sprinkler heads in- 

tl^Z^ '^^^.'"^ ^''"^ '"^^^ »^*> different mamie^. " 

VH'*'"^ PIG- 2 is a cross-sectional view through a sprinkler 

?ne.Tsuri?^rsrse?i!LtSrii r^rr4tv?rttoar^"^^^ 

button against the throat opening, and thus they are 20 ^J^J'^'f . , ■ . 

typic^ly of substantial size. T^eirlze as well as numer! ofSroarhS o^G^i ' ^"""^ 
ousotherfactorshaveanmfluenceonthespraypattem. ^'nVT^'^^.i^^J-^^ ,,^,rFlG.3. 
SUMMARY OF THE INVENTION 5 is a cross-sectional view at 5—5 of FIG. 3. 

It has been found that in certain sprinkler heads, for 25 ^ ^"'^ diagrammatic views of test re- 

example, those having the deflector attached on the far • - ^^^^^ pattern achieved with and without the 
side of the arms and those installed such that there is ""^T^c"/^ ^ SPm. 
little turbulence in the stream emerging from the throat, rnr^ ^^^^ sectional views at 8—8 of 

the arms have a much greater influence on the spray showmg the cross section of the water stream 

pattern than has previously been appreciated. This lat- 30 ^om the throat of the sprinkler head for the 

ter situation occurs when a sprinkler head is installed at Preferred embodiment (FIG. 7a) and for the prior art 
the end of substantially straight length of pipe rather 

than very near a tee or elbow fitting. The length of STRTirTTTPP 
straight pipe allows the flow to become more laminar. 

When a tee or elbow fitting immediately precedes the 35 . Turmng to FIG. 1, there is shown sprinkler head 10 
sprmkler head, the flow has turbulence which permits "^stalled with two different supply pipe configurations: 
the water to tend to wrap around the arms and mimmize directly on a tee fitting 12 (1 by 1 by ^ inch National 
their effects. The invention is particularly useful in low ^^P^ Thread, NPT) and at the end of a nipple 14 (1 inch 
flow rate (e.g.. 20 gpm) applications, wherein a nonuni- via reducing coupling 16 (1 inch to h inch NPT) 

form spray pattern can result in some floor areas receiv- 40 tee fitting 18 (all I inch NPT). The nipple arrange- 
ing undesirably low flow rates. ment is common in applications when the sprinkler head 

It has been found that the spray pattern can be con- is installed in a ceiling. In this structure, the main supply 
troUed by varying the cross-sectional shape of the line 20 (1 mch NPT) is routed above the ceiling, and the 
throat, and that the shape can preferrably be selected to head 10 is brought down to the height of the ceiling by 
overcome the problems caused by lamination of the 45 nipple 14. 

flow Instead of the conventional circular corss section, Turning to FIG. 2, there is shown a cross section of 
the throat is provided with a non-circular cross section sprinkler head 10. Body 30 (a machined bronze casting) 
selected to produce a selected spray pattern. The inven- has internal passage 31 and threads 32 for attachment to 
tion allows other existing nonuniformities in the pattern a supply fitting. Integral arms 34 (only one shown in 
to be corrected, and as well enables desired nonuni- 50 FIG. 2) extend from the base downward to apex 36 to 
foranties to be mtentionally produced. which is attached deflector plate 38. Passage 31 is nor- 

In preferred embodunents, the throat is also tapered tnally sealed shut by button 40 and gasket 42, which are 
(e.g., fhistoconical) along the longitudinal axis to re- supported by strut 44. The base of strut 44 rests in a 
duce the throat area m the direction of flow; the tapered groove in hook 45, the groove being offset slightly from 
portion is enlarged at two diametrically opposed sides 55 fulcrum 46 on the apex, to provide mechanical ad van- 
to produce an elongated or oblong transverse cross tage. Hook 45 is secured via curved member 48, solder 
section; the enlargement is a slot with a width less than layer 50 and heat collector 52 to the strut 44 

diameter of the tapered portion and with a Withm passage 31 there is installed an inset 60, which 
length greater than that width; the throat is defined by has a throat 61 with an oblong cross section The cross 
an mset which is inserted into a larger throat in the base; 60 section is elongated along an axis X (FIG. 3) perpendic- 
the elongation of the throat axis is along an axis directed ular to the plane in which the two arms 34 lie The 

7HL tl'!^^^^^^'^''f^ ^2 ^ frustoconicai and 

which the arms he); curved arms extend from the base matches the frustoconicai interior surface of the throat 

Lort^nrr P'^^" ^ ^"P- '^^ ^ '"^^e detail in FIGS 37o S 

w^H t cross section are se- 65 side maximum diameter A is 0.5575 to 0.5555 inches 

S wi^r r^K^r. '^r^ '^^ ^P^^ ^ ^ ^/^^ inches per foot Length B 

tn^LZ ^ f ^"'"^^"-^^^P^^ section; and the is 13/16 inch. The inside of insert 60 ^ machined b? first 

deflector plate is positioned on the far side of the junc- producing a fhistoconical surface with a taper identiS 
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i 2?0 r^SlS^^^ Z7r. T""^' ^"T"' ^^^^^^y ^^^^ ^^^^'"gh throat is established 

Ssl'^i ed^^^^^^^ fluid emerges fK>m said throat in a strea^whic^^^^^ 

inches long.. The ends of the slot ^fLTc^ind^^^^ """^^ 1""" t!!' ^^"^ ^ ^ ^P^^ Pattern, 

and the axis of. the end miU is parLid to Sfof S 5 n T ^.^^Jl^ located so that they tend to obstruct the 

inset Intersections of the end-mille^^^^^^^ ' flow of sa.d flmd so as to produce shadow areas in said 

with frustoconicaJ surface 74 can be se«n in 4 ^ P^".^"" "^^^'^ ^P^^ ^^"^^^ ^^^^^ t^^" 

uc 5ccn m rxo. 4. average, the improvement wherein the trans verse cross 

OPERATION section of said throat is noncircular and elongated prin- 

When the sprinkler is activated (by meltine of solder 10 ""'^f^t ^ diiected away from said arms, 

layer SO), strut 44 and button 40 are released and water elongation bemg such that, in any said transverse 

flows through throat 61 in a stream directed at deflector faction, the dimension of said throat in the general 

plate 38, which produces a spray in all directions The ^aid smgle axis is greater than the dimension 

elongated cross section of throat 61 produces a stream ^ ^^^^^ direction and such that said single axis has 

of water W, which has the cross section illustrated in 15 I?^ same orientation along the entire axial length of the 

FIG. .7a This cross section can be described ad dumb- shape of said elongated cross section being 

bell shaped, as the section is enlarged at two ends But ^c^^ ^ that said stream emerging from said throat is 

unlike an actual dumbbell, the section has substantial ^^o elongated away from said arms, thereby spreading 

thickness midway between the enlarged ends. The pri- Po^^^s of said stream away from said arms so as to 

or-art circular throat produces a roughly constant cir- 20 ^f^"^ obstructing influence of said arms and 

cular stream cross section, as illustrated in FIG lb ^"^^^by increase the density of said spray pattern in said 

Elongation of the water stream tends to spread a greater ^l^^dow areas. 

fraction of the water to either side of the arms and . ^' sprinkler head of claim 1 wherein said throat 

thereby reduce the volume of water whose flow path is "^eludes a portion tapered along its longitudinal axis so 
disturbed by arras 34. The dumbbell shape further en- 25 ^^^^^ transverse area of said portion is reduced in the 

hances such spreading to either side of the arms, pro- flow direction. 

ducmg a more uniform spray coverage. Both factors— ^* sprinkler head of claim 1 wherein said throat 

elongation of the throat and stream as well as dumbbell ^^ludes a frustoconicai portion and two diametrically- 

shape-^ontribute to the uniformity of the spray pat- opposed enlargements along the single axis of elonga- 

30 ^ said transverse cross section the width of 

lests were conducted to compare the performance of ^aid enlargements along a direction perpendicular to 

the oblong throat with that of the prior-art circular said single axis of elongation being less than the maxi- 

throat These results are presented in FIG. 6. Pans diameter of said frustoconicai portion 

roughly one foot square were arranged in the pattern The sprinkler head of claim 2 wherein said noncir- 
snown by the squares of FIG. 6, and the amount of 35 ^ular cross section is adapted to produce a dumbbell- 

mfnf,LTf "'^'^^^^.that fell in the pans during five shaped transverse cross section in the flow stream 

o^^^ emerging from said throat, said dumbbell-shaped cross 

^ndkat^^^ fh? ; circles 80 is an secUon having two enlarged end portions conn^ted by 

mdication of the volume of water collected in each a middle portion of substontial tWckness 

Sft^^IG inLTJ^ '"" " ^"^^ ^ ^P^e^ head of claim 4 wherein said arms 

^2\u ^?^^ improved spray pattern extend from said base to a junction from whichl^ 

ro!r .iF ^ P^"^"" h^ ^"^^ flow are directed away from said arms 

have a IfTe.ent. ZlSt SS^p^r ^"''^"'^'''"''^^''-^-^^^^ 

What is claimed is ^"'"8 « " b«se. said ins^t includ- 

1 In a fire-p^tection sprinkler head of the type in- «fd 'L^^""""'^ '"^^""^ '^^'""'"S 

fil^ieLLrHufdtrLt 11,e^^^^ ^P™'^- "--^ °f '^•^ 1 f-nher comprising 

from said base for supporting said deflector plate. . * * ♦ * 
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ABSTRACT 



A fire-protection sprinkler head with an improved re^- 
sponse characteristic achieved by providing a fUsible; 
link with a fin having multiple face portions oriented fp " 
direct air currents from any of a plurality of orthogonal, 
directions over the fusible region of the Jink. An em- 
bodiment with multiple fins provides an aggregate set of 
face portions that direct over the fusible region air cur- 
rents that have X, and Z orthogonal components in 
both positive and negative senses. Air currents can be 
directed both by deflecting effects and air foil effects. 
Preferably the face portions are facets formed integrally 
with sheet metal body members that form the link: In 
the preferred erabodhnent . the link and all fins are 
formed of a pair of simDar stampings from sheet metal. 

i2 Claims, 12 Drawing Figures 
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FIG 12 



FIG 1 1 





" ■•• ■ 1 . . ; ■ - ■ ' 2 ■. .■: r .• 

■ I,,,., , .:. ■ ....... ' „ " horizontal and the; other vertical: two of the fins are 011: 

SSS^'SSJ™^™ opposite tr^^^^^^^^^ 
AlK<.URRENT DIVERTING FINS . . each an integral extension 

FTFT n np navcxTrrnvT " ^^^^^ is planar^ and one of the two fins extends above 

. FmLD OF THE INVENTION - 5 the planar region- and . the other of the two fh^ 

This invention relates to automatic sprinkler heads ' below the planar region, whereby air diverted over the 
for fire protection. . fusible region by one fin is not retarded iii moving aWay 

BACKGROUND OF THE INVENTION ^^^^^he li"^ 

enhanced by a continuous mbvOTent of air across the^ 
Automatic ^rinkla: heads with temperature-respon- fusible region; k first face portion (fcg.,- outboard) is 
sive fusible el«nents have long been used in all types of - . positioned and inclined with respect to the X air current 
. buildmgs for fire protection. There is a need, however, components and a second face portion (eig., inboard of 
fpr a spnnkler especially suited for residential use. In the outboard portion) is positioned and inclined with 
the past, residaifaal sprinklers were, of the type origi. respect to the Z air current components; the inclination 
nally developai for factories and hke applications. To »5 of the second face portion also has an air-foil effect lee ' 
ZuldwTt^^^ applications, a sprinkler valve .from a convex suiSU) 

S n^^^^ ^ of four) response time ppnents tending to pass below thepLmar fusible region 

S>^?e J^.^^™.""— ^ conventional apphca- to a course passing over the upper ^rface of the r^on 
u?^^': f ^ sooner at a given air tempera- . and Y.components tending to fass above the reS to 

gases (e.g., carbon monoxide) from buxS maS t J^ S?^^'?' ""r ?>^^^ 
(e.g.. plastics) commonly fomid in residences^TTie fSr . ^T^lt^ of curvati^e of the putboani bend 
response is also desired to better contain and extinguish: 3^ ^tl^^' to the axis of the inboard 

flames: 25 ^^^^ ^ substantially per- 

Govemment and industry organizations have con- P^"f ^e planar fiisible region and the normals- 

ducted research on the required speed of response, the outboard facets arejnclined at about 45 degrees = 

which indicates that a 21 second or smafler time con- * to toe Y air currents and to the direction of elongation 
stant is necessary. The thne constant is measured as the hnk; the inboard facet formsa concave surface on ; 

period of time required for the fusible element in the 30 other side to provide the airrfoil to divert the Y 
sprinkler to achieve 63% of the rise in temperature components;, the fin mass constitutes less than 20% of; 
occasioned by inserting the sprinkler from ambient into of the link; the sprinkler head further 

a stream of heated air flowing through a duct For ex- includes a generally vertical strut engaging a plug mem- 
ample, were the sprinkler moved from equilibrium at passage through which fire-retardant . 
70* F. mto a stream of 360"* F. ak, the time constant 35 flows, the strut shadowing the link from some of 
would be the amount of time required for the fusible air currents while one or more fms lie out, of the 
element to reach 63% of the total rise in temperature, or shadow to mtercept the air currents; the sheet metal 
63% of 290* F. The time constant is not, of course, niembers forming the two halves of the link are rectan- 
necessarily the amoimt of time required to turn on the gular and overlap each other longitudinally from .20'to 
sprinkler in a fire, but rather an indication of the relative 40 ^0 percent of the area of each mwnber; the fins are 
speed of response. square before bending and the second bend runs along a 
To obtam a fast response, prior sprinkler heads (e.g., diagonal of the square to form two equal-area trian^ar 
Russell U.S. Pat. No. 1,834,319, Loepsmger U.S. Pat facets that form the face portions; and the hnk weighs 
No. 1,919,235, and Russell U.S. Pat No. 1,932,805) 0.8 gram and has a time: constant of 21 seconds. ; - 
have employed sheet-metal linkage members in contact 45 ^ ' 
with a fusible medimn to reduced thermal mass tote PREFERRED EMBODIMENT,;;:: ; 
heated, and have added fins and flanges to the linkage The structure and operation of a preferred embodi- : 
members to conduct heat toward the fusible element. ment of the invention will now be described, after first : 
Russell U.S. Pat No. 1,932,805 also teaches that flanges briefly describing the drawings, 
extending along the curved edges of one of the sheet- 50 \^ 
metal pieces can direct rising currents of warm air DRAWINGS ; 
against the soldered surfaces between the flanges. Other FIG. 1 is ia vertical, partially cross-sectional; view of 
efforts m the field are Teague U.S. Pat No. 1,300,046, said embodiment 

Loepsinger et al. U.S. Pat. No. 2,075,816, and Gloeckler . FIG. 2 is a horizontal cross-sectional view at 2--2 of 
U.S. Pat. No. 3.874,456. : 55- FIG. 1. 

SUMMARY OF TFIE INVENTION S2* ? !^ ^ perspective view of said embodiment 

r.x. ^ r . ^ ^®>^ ^ of FIG.. 1; showing tiie ftis- 

It has been found that faster sprinkler response times, ible Hnk. 
low enough to meet the above-mentioned 21 second FIG. 5 is a cross-sw:tional vW at 5--^5 of RG. 4 
test, can be achieved by providing.a fusible link with a 60 FIG: 6 is a view of one portion of die fi^ible link 

fin haymg multiple face portions oriented in different before bending the fiii element, showing fold lines for ' 

directions to divert air currents fi-pm My of a plurality the element 

of orthogonal directions over tiie fusible region of tiie FIG. 7 is the same view as FaG. 5 with tiie .fin ele- V 

.""f* . ment bent ilong its two fold lines. 

In preferred embodiments, a plurality of fins each 65 FIG. 8 is a projection taken at 8-^8 bf FIG 7 show- 

with multiple fece portions serve to divert, mutually ing that one surface of the fm element is substantially at 

orthogonal X, -Y. and Z an- current components over a right angle vrith respect to the surf-ace of the fusible - ' 

the fusible region, e.g., two of the components being link. : - ' 
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pI^c'' in^ projection taken at 9-9 of FIG. 7. lows lever 38 to rotate downward and away from the 

r..c-i!i r I 12 are perspective views of the passage centerline. thereby removing the force on stmt 

fusible hnk, Illustrating the diversion of X. Y and Z air 28, button 26, and gasket 30. The various paru are 

current components onto the fusible region of the link blown away by water exiting from the outlet of passage 

oy me tins. 5 24. Fluid strikes deflector plate 20, producing a fme 

STRUCTURE ^P'^^ which is distributed over a wide area. The spray 

Tiimino tr. TTir-c t ^ .u ■ i. ■ ^ pattcm depends on the configuration of the deflector 

1 urnmg to FIGS. 1-3. there is shown automatic fire plate and on the flow rate from passage 24. The How 

IT Vr ^r^sisis^f- valve body rate is adjustable by changing the^nternal area of bus^ 
with curved arms 14 extending down from a threaded 10 ing 22 

SlllfefThready ^^'"^ ^ '^'7 20 The key to the fast response of the sprinkler regard- 
^IT^w 'J^ f IS screwed mtb a fitting in less of the location of the fire is the provision ^f fm 
^i.rH^n?n f P"=^^""^=^ other fire- facets 50 for diverting the warm air cur'^ents gen^ateS 
retardant fluid) supply sj^tem. Bushing 22 fits within by the fire onto the fusible region. Without the facete 
passage 24, and reduces the onfice size to enhance the 15 these air currents would pass by the link without trans- 
spray pattern, ferringheat. 

„i A i"^ t P^^^ ^ ^ ^ '•^''^ '^"■•'■e"" '^an be resolved into components in 

655^ SskeTaf "'^T' ASTMB97 Alloy the X. Y, and Z directions shown by the ax^of fIg 

StL^t^il ,i H f ""'f 'j. '^^^ '^^ referenced to the sprinkler body with 

^heTutL of ^'"""'''"^ '° 2 P^^^' '° centerline of passage 24. As 

^trn M ^/k u ^'th '^enteriine vertical, the X and Y direc- 

rhe nL^ H ft « ^ BTOoy^e 27 on tions are horizontal, and the Z direction is vertical. If 

the underside of button 26 and another groove 36 in a the sprinkler were installed horizontally, either the X 

resilien lever 38. Groove 36 is shghtly offset from the and Z or the Y and Z directions would instead^e hori- 

ridiri 'T^^^ ''^P^"'^'"S "PO" 'he chosen rotational orien^- 

ndge 39 which is positioned at the centeriine of the tion of the sprinkler head 

passage. Lever 38 is held in place by fusible link 40 When a fire occurs off to the side of the sprinkler 
fn St 28 ^ ^ '^-^ P'^Jo'ninant air currents are horizonuTand 

.1 , r , . , 'hus are along the X and Y directions when the snrin- 
Fusible hnk 40 consists of two halves 51 (mirror im- 30 kler head is installed as shown. If the sprinkler 's"n- 

ages of each other n^de of copper sheet metal (about stalled horizontally, the predominant air cSS wouTd 

1 1 mils thick; 0.48 inches wide; 0.575 inches long) lami- be along the X and Y or X and Z directlo^ 

r„ch nve? 't'^r ^' ""'l' "^i-^'li" " FIgI 10, 11. and 12 illustrate how air currents of 

in? ^ch h'^lf'.w?. ffi^' ^"''^•^ '"«'?o^ ^"""^ ^"'^ Z "^'^^^t'ons are diverted onto the 

R^pfrrrino Pi/-<i <: o V i ^"^er a positive or negative sense along the 

Kelerring to FIGS 6-9. each fin element is cut as a coordinate) are diverted by outer facets 58 which are 

square tab (0.25 by 0.25 inches) extending laterally from inclined at an acute angle C with resp^t to the Y dir^ 

fo^n'^'h r^'^''^^^ '"''^"u"''-'^''"^^'"^"''''^^^" "^^^^ i" +Z and -Z directions a« 
formed by bending along two bend lines 52, 54 to form 40 diverted along the concave surface formed by fnn^ 

equal area inner and outer fin facets 56, 58. respectively. facet 56 which is set at an angle B with respect toThe 

As can be seen m the projection of FIG. 8, outer facet plane of the link. Air currents in the +X and -X d°rec 

58 makes a nght ang^e A (88 to 90 degrees) with the tions are diverted by an air-foil effectalong the conv^ 

mam surface of the fusible link. Inner facet 56 is on- surface formed by the opposite side of facet 56 In t^ 

ented at an angle B of between 43 and 47 degrees with 45 instance when the air currents are not resolved exactly 

?f trtwo £n'd?f.?n ' air diveision Sbe a combi' 

of the two bends is to orient outer facet 58 so that it is nation of the effects illustrated 

D ? '"'f ' '° *^ longitudinal direction Other embodiments are within the scope of the fol- 

D (longitudinal plane of symmetry) of the fusible link. lowing claims. For example, the fusible link 40 could be 

The whole fusible Imk has a mass of about 0.8 grams. 50 nonplanar (e.g.. semicylindrical) and it could have vaS 

OPERATION positions with respect to the passage centerime, 

SprinklerheadXOisinstalledeitherasshownwiththe bo^LttTott^^ S^^^^^^^ 

3nrhSS:t:i'^'^^ " ^° "^"^ r -° "^^.g t ruSe„ts 

UnH^r normf?.^ H-.- ■ u . , " '^ould be referenced to the link itself in order to be 

ibie link 40 ^„ n!^^"r'' 'V^^ f'^''''^ the above explanation of air diversion, 

abou 10 S Z ^ZTl^ , restraining force The X and Y directions would be parallel to the link and 

(about 10 lb) on lever 38 to maintain the seal of gasket the Z direction normal to the link. In the preferred 

i nS^K ' n A '"Se niechanical advantage embodiment, the link is only slightly inci n«lK^he 

IS provided by the smaD offset of strut 28 from the ful- 60 horizontal, and thus there is little different between 

crunti formed by ndge 39. Fusible link 40 is spaced a the two sets of axes. oinerence t«tween 

much greater distance from the fulcrum than the strut, What is claimed is- 

h".?^,'!^ ^ '° force from link 40 produces a substan- 1. In a fire-protection sprinkler head with a fusible 

wVe^I nk%"o . °" ^ P^^^Se in the head through which fire retardam 

When link 40 IS heated sufficiently to cause the solder 65 fluid can flow, and a closure for said passage said link 

pe~('a.;^uM36 r Sd th?TT' "'""^ ''"l' '"'^'"''■"^ -mb:rjo'^:t' a fSilt 

fhe two haS lino ^,n/ > ^ '^S"on by a fusible medium, each said member being 

the two halves, being under tension, separate. This al- engaged with another portion of said sprinkler head and 
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said link being under load in its longitudinal direction 
and in a manner to hold said closure in position to close 
said passage, said members being adapted to i^ease said 
- load upon melting of said fusible medium to thereby 
. release said closure to open said passage and allow flow 5 
of said fluid, the improvement wherein 
said fusible link includes at least two sheet-metal fins 
each of which has . first and second face portions 
oriented in different directions to enable said fins to • 
divert air currents from a plurality of orthogonal 10 
directions over said fusible region, 
said fusible region is generally planar and has two 
opposite generally longitudinally extending edges, 
said fins extend from said edges, 
any said fin extending from the first of said edges 15 
extends away from said link in such a direction that 
said fin lies on one side of the plane passing through 
said planar region, 
any said fin extending from the second of said edges 
extends away from said link in such a direction that 20 
said fin lies on the other side of said plane passing 
through said planar region, 
whereby air diverted over said fiisible region by the 
fin extending from said first edge is not retarded in 
moving away from said hnk by the fin extending 25 
from said second edge and thus heat transfer is 
enhanced by a continuous movement of air across 
said fiisible region. 
2. In a fire-protection sprinkler head with a fusible 
link, a passage in the head through which fire-retardant 30 
fluid can flow, and a closure for said passage, said link 
including two members joined at a fusible region by a 
fiisible medium, each said member being engaged with 
another portion of said sprinkler head and said link, 
being under load in a manner to hold said closure in 35 
position to close said passage, said members being 
adapted to release said load upon melting of said fusible 
medium to thereby release said closure to open said 
passage and allow flow of said fluid, the improvement 
wherein ^ 
said first face portions being formed by outboard 
. portions of said fins and said second face portions 
being formed by inboard portions of said fins, and 
said first face portion being an outboard, planar facet 
and said second face portion being an inboard, 45 
planar facet and said inboard facet being connected 
to said outboard facet and the body of said member 
by inboard and outboard bend regions. 
3. The sprinkler head of claim 2 wherein " 
said inboard facet of each said fin is inclined at an 50 

obtuse angle with respect to said fiisible region and 
said inboard facet, inboard bend region, and fiisible 
region form a concave surface along which said Z 
air currents are diverted. 
4; The sprinkler head of claim 3 wherein 55 
said outboard facet of each said fin is inclined at an 
obtuse angle with respect to said inboard facet and 
the axis of curvature of said outboard bend region is 
skewed with respect to the axis of said inboard 
bend region. . gQ 

5. The sprinkler head of claim 4 wherein said out- 
board facets are substantially perpendicular to said pla- 
nar fusible region and the normals of said outboard 
facets are mclined at about 45 degrees to the longitudi- 

65 



nal plane of symmetry of said hnk, whereby said out- 
board facets are inclined to said Y air currents. 

6: The ^rinkler head of claim 3 wherein said inboard 
facet, inboard bend region, and fusible region form a 
convex surface, on the side opposite said concave sur- 
face, along which said Y air currents are diverted by 
said, air-foil effect onto said fusible region. . 

7. In a fire-protection sprinkler head with a fusible 
link, a passage in the head through which fire-retardant 
fluid can flow, and a closure for said passage, said link 
including two sheet-metal members joined at a fusible 
region by a fusible medium, each said member being 
engaged with another portion of said sprinkler head and 
said link being under load in a manner to hold said 
closure in position to close said passage, said members 
being adapted to release said load upon melting of said 
fusible medium to Uiereby release said closure to open 
said passage and allow flow of said fluid, the improve- 
ment wherein 
said fusible link includes at least one sheet-metal fin 
having multiple face portions with different face 
portions oriented in different directions to enable 
said fin to divert air currents from a plurality of 
orthogonal directions over said fusible region, and 
said head further comprises a body having said pas- 
sage, a strut generally axial to the passage engaging 
a plug member that forms said closure means and 
se^ said passage tiirough which fire-retardant 
fluid flows, a fulcrum member near the other end of 
said vertical strut and supported by a pair of arms 
extending from said body, a lever member acting as 
a lever between said fulcrum member and said 
viertical strut, said link extending between said 
lever member and said strut to supply a holding 
force to tiie lever to force said strut against said 
plug member, 
said sheet-metal members are rectangular and overlap 
each other longitudinally from 20 to 80 percent of 
the area of each member, 
said fiisible layer extends over tiie region of overiap, 
one said fin is an integral extension of one of said 
sheet-metal members and another fin is an integral 
extension of the other of said members, and 
said face portions are planar facets formed by two 
bend regions on- each fin, one bend parallel to the 
longitudmal axis of said link and located at the 
boundary between each said fin and member, and 
the other bend being spaced outward and skewed 
from the first bend. 

8. The sprinkler head of claim 7 wherein said fins are 
square before bending and said second bend runs along 
a diagonal of the square to form two equal-area triangu- 
lar facets that form said face portions. 

9. The sprinkler head of claim 7 wherein said link 
weighs less than 1.0 gram and has a time constant of less 
than 25 seconds. 

10. The sprinkler head of claim 9 wherein said link, 
weighs about 0.8 grams and has a time constant of less ' 
than or equal to 21 seconds. ~ 

11. The sprinkler of claim 7 wherein said outer facet 
is. about at right angles to the plane of said link. - 

12. The sprinkler of claim 11 wherein said inner facet 
is about at 45 degrees to the plane of said link. . : 
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Page 1, Colunm 1, application number "34,636" should 
be —34,686—. 

Claim 2, column 5, line 40, after "wherein- insert 
-said fusible link includes two fins each with 
multiple face portions, the aggregate set of face portions 
being relatively oriented and sufficient in number to divert X, 
V, and z air current components over said fusible region, 

one Of said air current components being parallel to a 
fxrst horizontal direction in the three-dimensional space 
surrounding said sprinkler head, another said component being 
parallel to a second horizontal direction perpendicular to said 
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first, and the third component being parallel to the vertical 
direction in said space, 

said two fins being on opposite transverse sides of 
said link, 

said first face portion being positioned and inclined 
with respect to said X air current components to divert then, 
from a course passing by said fusible region to a course 
passing over said region and 

said second face portion being positioned and inclined 
with respect to said Z air current components to divert them 
from a course passing by said fusible region to a course 
passing over said region. 
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the inclination of said second face portion also 
having an air-foil effect and diverting Y air current 
components tending to pass below said fusible region to a 
course passing over the upper surface of said region and Y ai 
current components tending to pass above said region to a 
course passing over the lower surface of said region, — 
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